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EXECUTIVE SUMMARY

This report present a review of the hydrogeologic and water quality
conditions in the vicinity of American Cyanamid Company's Carteret
Impoundments (the "Site"). It is primarily based upon the results
of the quarterly groundwater monitoring program conducted from July
1987 through October 1988. Hydrogeological characterizations are
based upon information obtained at the time of the installation of
the groundwater monitoring wells and upon work performed at the
Site in preparation for the initial Discharge to Groundwater Permit

Application.

In addition to reviewing the results of the monitoring program from
a technical perspective, the report evaluates:

a. whether sufficient data are available to develop
appropriate groundwater quality standards at this time,
and

b. whether there is a need for corrective action at the
impoundments.

The Carteret Impoundments are a closed facility 1located in an
industrialized section of Carteret, New Jersey off Driftway Drive.
The impoundments accepted sludges from the production of alum and
Yellow Prussiate of Soda (YPS) from 1939 to 1973. During this
time, sludge was placed in a series of six impoundments which
ultimately covered approximately 100 acres. Currently, American
Cyanamid is undertaking a program to establish permanent vegetation
at the Site. This revegetation project will be completed in 1989.

Geologically, the Site 1is underlain by Quaternary alluvium
consisting of silt, sand, clay and some gravel with buried organic
rich meadow mat. The alluvium overlies the Triassic aged Brunswick
Formation which consists of a dense, hard siltstone in the vicinity
of the Site.

Five sets of paired monitoring well clusters were installed at the
Site in 1987 to provide monitoring of a shallow and a deep
groundwater zone. Five wells were screened from depths of 10 to
20 feet in the shallow, black organic-rich sand/meadow mat and fill
material and are designated "S" wells. Four wells were screened
in the upper part of the Brunswick Formation at depths from 40 to
60 feet. One deep well was screened just above the Brunswick
Formation in a gravel layer at a depth of 25 to 35 feet. These
deep wells are designated "D" wells.

Shallow groundwater is mounded beneath the impoundments, and
groundwater flow is radially outward from the central area of the
impoundments. The shallow groundwater originating within the
impoundments discharges into the surrounding surface water. The
groundwater monitored in the deeper zone appears to be confined and
hydraulically separated from the shallow zone by the intervening
red-brown clay layer that was found under most of the Site. The
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clay was not found in MW-5D, though. Groundwater flow in the
deeper zone appears to be towards the north and northeast where it
probably is discharging into the Rahway River, Arthur Kill, and
Atlantic Ocean.

As expected, the shallow groundwater contains elevated levels of
ammonia, cyanide, sulfate, and possibly sodium. Concentrations of
total cyanide (free and complexed cyanide dissolved species) were
detected above background in shallow wells MW-2S, MW-4S and MW-5S
at average values of 25 mg/l, 103 mg/1l and 4.2 mg/1l, respectively.
Ammonia concentrations in MW-2S, 4S, and 5S are elevated above the
average background level of less than 8 mg/l with average values
of 164, 410, 26.7 mg/l, respectively. Sodium concentrations are
elevated by a factor of approximately two over background with
averages of 5,235 mg/l in MW-2S, 8,442 mg/l in MW-4S, and 7,093
mg/l in MW-5S. Sulfate concentrations are elevated by a factor of
approximately five to ten over background with averages of 4,658
mg/l in MW-2S, 3,325 mg/l in MW-4S.

Generally, these same constituents have not been detected in the
deeper groundwater zone. For the deep monitoring wells, only MW-5D
samples were reported to have significant levels of total cyanide
with an average of 10.8 mg/l. These cyanide levels are similar
to those reported for MW-5S which averaged 4.2 mg/l. However,
these levels are much lower than those detected in the shallow
wells MW-2S and 4S. Since the clay confining layer was not .found
in MW-5D, the shallow and deep wells at this location could be

expected to have similar chemical characteristics. Well MW-4D
samples had an average total cyanide concentration of only 0.54
mg/1l. No other inorganic constituents in deep well samples are

significantly above concentrations in the background well Mw-1D.

Based on the results of a chemical loading rate model and confirmed
by surface water sampling conducted in the Rahway River and several
tributaries, there is no detectable impact of the impoundments on
surface water quality.

The Administrative Consent Order (ACO) between NJDEP and American
Cyanamid presents numerical groundwater standards used to review
the groundwater monitoring data and evaluate the impact of the
facility on groundwater quality. The numerical standards contained
in the ACO correspond to a GW/3 groundwater classification scheme
under NJAC 7:9-6.1 et seq. The groundwater monitoring data for the
facility clearly illustrate that the total dissolved solids (TDS)
concentration exceeds the 500 to 10,000 mg/l used for the GW/3
classification. Thus, the Carteret Impoundments should be
evaluated under the GW/4 classification scheme for which standards
are set on a case-by-case basis.

Based on the results of this Assessment, it may be concluded that
the impact of the Carteret Impoundments on the local groundwater
and surface water is negligible. No corrective action appears
warranted at this time.
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With respect to the development of possible future groundwater
protection standards for the impoundments, it is noted that NJDEP
is currently considering substantial revisions to the State Ground
Water Quality Standards including policies, classification system,
use designations, and numerical criteria. Pending the development
and promulgation of the revised standards, it is suggested that
the derivation of the site-specific standards for the Carteret
Impoundments be deferred. 1In the interim, routine monitoring can
be continued to confirm the absence of significant adverse health
or environmental impacts, while improving the data base from which
the standards may ultimately be developed.



1.0 INTRODUCTION

1.1 Purpose

The purpose of this report is to present a summary and compilation
of the hydrologic investigations of the Carteret Impoundments

(hereinafter referred to as the "Site"). This assessment
summarizes the impacts of the impoundments on the underlying
groundwater and adjacent Rahway River, and formulates

recommendations concerning the Site.

Subsurface and hydrologic investigations compiled for this report
include the following.

Preliminary report of test borings and dike evaluation at
the impoundments, prepared by M. Disko Associates,
January 1982.

Surface water, and groundwater investigations completed
by HYDROSYSTEMS in 1986.

Data obtained during monitoring well installation at the
Site, supervised by HYDROSYSTEMS, Inc. in May, 1987.

Groundwater monitoring results for six quarterly
groundwater sampling events, July 1987 through October

1988.

The specific objectives of this environmental assessment of the
Carteret impoundments include the following.

1. Summarize the findings of various studies at
the site which characterize its hydrogeology.

2. Review the analytical results for the
groundwater monitoring program and identify any
data trends and data gaps.

3. Establish the relationship between the Site's
hydrogeology and the results of the groundwater
monitoring program.

4. Characterize the behavior .and fate for any
potential constituents of concern along the
groundwater and surface-water migration
pathways.

5. Identify potential receptors of the
constituents of concern released by the

impoundments, and evaluate the human health
and environmental risk presented by any such
release.



1.2 Site History

Figure 1 shows the location of the Carteret impoundments on a
portion of the Arthur Kill, New York-New Jersey topographic
quadrangle map. The impoundments were used from 1939 to 1973 for
the disposal of acidic sludge from an alum process and alkaline
sludge from the yellow prussiate of soda (YPS) process.

The production of alum involved the digestion of bauxite ore with
sulfuric acid. The resulting muds, primarily silica, were slurried
with water, neutralized, and pumped to the impoundments for
settling. The production of YPS involved the reaction of calcium
cyanide with copperas (hydrated ferrous sulfate) and soda ash to
form sodium ferrocyanide. The resulting muds, primarily calcium
carbonate, were slurried with water, neutralized, and pumped to the
impoundments for settling.

The sludges from the two processes were combined in the
impoundments to form a near neutral sludge. A series of six
impoundments was constructed above ground with wooden and earthen
dikes. The sludges were pumped from the plant on the north side
of the Rahway River to the impoundments through an above ground
pipeline. The impoundments eventually covered approximately 100
acres and are estimated to contain just under two million tons of
sludge.
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1.3 ON-GOING WORK AT THE SITE

Over the past eight years, American Cyanamid has been undertaking
a major project to vegetate and stabilize the sludge. The sludges
in the impoundments are deficient in several essential nutrients
necessary for plant growth. Phosphorus concentrations are minimal
and organic content is extremely low. Cyanamid studied the
augmentation of nutrients in the sludge and, beginning in 1986,
undertook to establish vegetation on the sludge surface using a
composted sewage sludge product to provide essential nutrients.
Approximately 75% of the Site has now been vegetated. The
vegetation of the remaining impoundment will be completed during
the 1989 growing season.

The vegetation project has had a number of benefits. These
include:
1. The sludge is stabilized and less susceptible -
to erosion and wind dispersal.
2. In the absence of vegetation, the sludge is
thixotropic and has a very 1low bearing
capacity. Vegetated areas have adequate

bearing capacity to support individuals and
light vehicles.

3. The vegetation project has established a
community of perennial plants which is expected
to . decrease infiltration and leachate
production through the increase in
evapotranspiration.

The impact of the vegetation project on groundwater and surface
water conditions at the Site is unknown at this time. Monitoring
results will be reviewed over a period of years to assess the
results of the vegetation project.



2.0 SITE INVESTIGATIONS

2.1 Pre-Permit Investigations

Geotechnical investigations at the Carteret Site have been
conducted over the past 10 years. 1In 1981, M. Disko and Associates
completed test borings within the sludge impoundments (approximate
test boring 1locations shown in Figure 2). In May of 1986,
HYDROSYSTEMS conducted preliminary investigations of sludge and
leachate quality involving the collection of grab samples from hand
augered borings. Subsequently, in October 1986, HYDROSYSTEMS
conducted a systematic sampling of surface water with upstream and
downstream stations in the Rahway River.

2.2 Monitoring Well Installation

In 1987, 1in response to NJPDES/DGW permit requirements, ten
monitoring wells were installed under the supervision of
HYDROSYSTEMS at five locations with screens set at shallow and deep

zones. All wells were located outside of the impoundments. The
approximate locations of the wells, numbered MW-1 through MW-5, are
also shown in Figure 2. Each cluster consists of two wells: a

shallow well, designated "S", screened in the fill, black organic
sand or red-brown clay overlying the Brunswick Shale; and a deep
well, designated "D", screened in the Triassic-aged Brunswick
Formation or a sand and gravel layer overlying the Brunswick in the
case of MW-5D.

The wells were drilled with a mud-rotary rig using bentonite
drilling fluid. An 8-inch rock drill bit was used and all wells
were installed with 4-inch 1ID, Schedule 40, flush-jointed,
threaded PVC well casing and 10 foot lengths of 0.020-inch machine
slotted PVC well screens. Sand pack consisting of coarse-grained
#2 quartz sand was placed around each well screen to a minimum of
one foot above the top of the screen. Approximately two feet of
bentonite pellets were placed above the sand pack to form the
seal. The wells were then grouted to about two feet below ground
surface with a 5% bentonite/cement slurry. Steel casings .with
locking caps were installed and cement was brought to the surface.
Monitoring well construction diagrams and geologic 1logs are
included in Appendix A. Also, the State of New Jersey permit to
drill the well and the monitoring well certification, Form A, for
each well are included in Appendix A.

The wells were developed after installation by pumping with a 4-
inch submersible pump until the discharged water remained clear
of silt and drilling fluid. Approximately one week after the
initial development, the wells were developed again using a
suction lift centrifugal pump and bailer.
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3.0 SITE CHARACTERIZATION

3.1 Solid Waste Characterization

In May of 1986, HYDROSYSTEMS conducted investigations to
characterize the quality of the sludge. The specific tests
included field pH of sludge pore water, total and free cyanide,
and extractable (EP Toxicity) metals. Samples from five borings,
the locations of which are shown in Figure 4, were collected for
analysis. '

Field pH measurements of sludge pore water were made using
"colorpHast" brand pH indicator strips, a product of EM Science
(catalog no. 9590, pH range of 0-14). Results of the field pH
measurements are presented in Table 1, and indicate the near-
neutral condition of the mixed alum/YPS sludge.

Seven samples of sludge were analyzed for EP Toxicity (metals)
and total and free cyanide content. Two of the seven sludge
samples were duplicate samples from the same borings. Table 2
presents the results of the EP Toxicity and cyanide analyses for
the sludge samples. Laboratory data for these analyses are
included in Appendix B. The results of the pH and EP Toxicity
tests indicate the sludge is nonhazardous under RCRA regulations.
Free cyanide levels were also substantially below SW-846 threshold
levels which would characterize the materials as hazardous waste,
i.e., 250 mg/kg releasable cyanide.

TABLE 1. Field pH of leachate in contact with sludge in the
Carteret impoundments.

BORING FIELD pH OF LEACHATE
NO. IN CONTACT WITH SLUDGE

Blb
B2
B4
BS
B6
B7

OO NNIN




TABLE 2. Laboratory analyses for EP Toxicity and Free and Total
Cyanide content in sludge samples from the Carteret
impoundments.

METHOD OF  DETECTION  EP TOXICITY Cl €2 €2* C3 C4 C&4* C5 LAB

PARAMETER  ANALYSIS LIMIT CRITERIA 8Bla 82 B2 B3 B4 B4 BS BLANK

(NOTE 1) (ug/l) (ug/L) IMPOUND NO. - 4 S 5 [} 3 3 2
(ug/Ll)

ARSENIC 1cp 200.0 5,000.0 B0L BOL NA BOL BDL B8OL BOL  B8OL

BARIUM 1ce 200.0 100,000.0 BOL BOL NA BDL BOL BDL BOL  8OL

CADMIUM 1cp 50.0 1,000.0 BOL BOL NA BDL BOL BDL BOL  8DL

CHROMIUM icp 50.0 5,000.0 BDL BOL MA BDL BDL BDL BDL  BDL

LEAD 1cp 200.0 5,000.0 BOL 8OL NA BDL BDL BOL BDOL BOL

MERCURY v 0.3 200.0 BOL 80L BOL 0.57 0.69 NA BOL BOL

SELENIUM 1cp 200.0 1,000.0 BDL BOL NA BDL BDL BDL BOL BDL

SILVER 1cp 50.0 5,000.0 80L BDL NA BOL BOL BOL BDL BOL

UNITS FOR CYANIDE ANALYSES IN MG/KG

AVERAGE '

TOTAL CYANIDE 335 0.5 NONE 683 452 NA 3660 437 NA 433 NONE

FREE CYANIDE 412 0.5 NONE 14 18 NA 103 38 NA 9 NONE

NOTES:
1. Ice
cv
335
412
2. 8DL
NA

INDUCTIVELY COUPLED PLASMA SPECTROMETRY
COLD VAPOR ATOMIC ABSORPTION SPECTROSCOPY

METHOD 335.2 OF STANDARD METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTE,

EPA-600/4-79-020, REVISED MARCH 1983.
METHOD 412 OF STANDARD METHODS, 16TH EDITION 1985.

BELOW DETECTION LIMIT

NOT ANALYZED
DUPLICATE




3.2 Geology

The inactive alum impoundments at Carteret are located on the
boundary between the Piedmont and Coastal Plain physiographic
provinces. Surficial deposits consist of about 20 to 40 feet of
Quaternary alluvium composed of interbedded silt, sand, gravel,
and clay with buried peat and organic rich horlzons. Thls alluvium
was deposited in a brackish estuarine, salt-marsh environment
(Nemickas, 1976).

Bedrock underlying the alluvium is the Triassic-age Brunswick
Formation generally con51st1ng of bedded shales, mudstones and
sandstones which attain a maximum thickness of 6,000 to 8,000 feet
in New Jersey (Nemickas, 1976). The Brunsw1ck Formatlon
encountered at the impoundments consists of a dense, hard, red

siltstone.

During monitoring well installation, split-spoon samples were
collected in the unconsolidated sediments and fill material.

Geologic logs were prepared for each well cluster (included in
Appendix A). Cross-sections have been developed from these logs
and those presented by Disko (1982) for the Site. The locations
of the cross-sections are shown on Figure 3 and the cross-sections
are presented in Figures 4 and S. The logs for MW-1, MW-2, MW-3

and MW-4 indicate the presence of 10 to 25 feet of a black organlc
sandy silt, corresponding to the meadow mat, gray organic silt,

and sand and gravel zones encountered in the Disko (1982) borlngs.
The shallow wells at these four locations were screened in the
black, sandy silt and red/brown clay. A continuous zone of
red-brown clay, approximately 8 to 25 feet thick, exists beneath
the organic sandy silt in these wells and corresponds to the red
clay layer present in Disko (1982) borings B-1 and B-4 (see
Figures 4 and 5).

A dense, hard, red and grey siltstone, typical of the Brunswick
Formation, was encountered beneath the clay at a depth of from 30

to 42 feet in MW-1 through Mw-4. The deep wells at these
locations were screened 1n the upper part of the Brunswick
Formation. The black organic-rich sandy silt layer encountered

in the other wells was not encountered in MW-5S. Therefore, the
screen for MW-5S was set in the lower part of the fill and upper
part of the clay zone beneath the fill. This clay is most likely
the same clay strata encountered in MW-1 through Mw-4.

Beneath the c¢lay at MW-SD a zone of red-brown and grey sand and
gravel was encountered overlylng the Brunswick Formation. (The
screen for MW-5D was set in this sand and gravel zone, rather than
in the Brunswick Formation to allow sampling of groundwater from
the more permeable zone.)

3.3 Hydrostratigraphy

The shallow c?roundwater zone consists of the permeable fill
material, meadow mat, and black organic-rich sandy silt. The water
table was encountered at a depth of approximately 2 feet below.
ground surface in the shallow wells. The Brunswick Formation
contains the deep groundwater in the area and transmits groundwater
through fractures in the siltstone. The sand and gravel layer
encountered in MW-5D is most llkely in hydraulic connection with
the underlying Brunswick Formation.



Figures 4 and 5 show cross-sections A-B and C-D, located in Figure
3, which indicate that the Brunswick Formation 1is overlain by a
clay confining layer. The clay strata appears to be continuous
across the Site except in the vicinity of Disko's (1982) boring B-
3. The clay strata probably acts as a confining layer for much of
the underlying Brunswick Formation (and gravel layer encountered
in MW-5D). Where present, the clay strata acts to restrict the
vertical flow of groundwater between the shallow and deep
groundwater zones.

10
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Geologic cross-section along line A-B shown in Figure 3
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3.4 Aquifer Properties

Disko (1982) completed permeability tests on subsurface samples,
and reported hydraulic conductivities ranging from 2 x 10° to 3. 8
x 10° ‘cm/sec ({0.006 to 10 ft/d) for the clay, sand, and dgravel
materials he encountered in the upper 24 feet underlylng the
1mpoundments Effective porosity for the shallow aquifer material
is estimated to average 20% for sands and gravels and 5% for clays
and clayey silts (Walton, 1970).

3.5 Groundwater Flow

Water levels were measured in the 10 monitoring wells prior to
evacuation and sampling for each arterly monltorlng event. The
measured depth to water and casing elevations are provided in
Appendix A. The water 1level elevations were calculated, and
generalized groundwater contour maps were constructed for both the
shallow and deep zones and are presented in Figures 6 and 7.
Estimated water table elevations determined by HYDROSYSTEMS while
installing the hand-augered borings in 1986 were also used to
prepare the contour map of the shallow zone. These data are for
the time prior to the vegetation project.

The contour map presented in Figure 6 indicates that, at that time
(1986-87), shallow groundwater was mounded beneath the
impoundments, and flowed radially outward from the impoundments
toward the Rahway River, Deep Creek, and Cross Creek. The water
table mound centered on 1mpoundments 4, 5, and 6, which are the
highest topographically. The mound had "an elevation approximately
10 feet above mean sea level beneath these impoundments. The
generalized contour map of groundwater elevations prepared for
the deep zone indicates a groundwater flow towards the north and

northeast (See Figure 7). Interpretatlon of the water level data
for the deeper zone supports the conclusion based on stratigraphic
evidence (see Section 3.3) that the shallow and deep 2zones are

separated hydraulically by the red-brown clay over most of the area
(except at MW-5D where the clay was not found).

Figure 8 shows a generalized north-south cross-section through the
impoundments. The r glonal groundwater flow in the Brunswick
Formation is seawar and upward toward the northeast with
discharge to surface water including, potentially, the lower Rahway
River, Arthur Kill, and, eventually, the Atlantic Ocean. The
groundwater orlglnatlng w1th1n the impoundments moves radially
outward and discharges into the surface water surrounding the
impoundments, i.e., the Rahway River, Cross Creek, and Deep Creek.

Groundwater originating within the impoundments is further isolated
from the regional groundwater by a groundwater density contrast.
The mounded groundwater within the impoundments is less dense,
with a specific conductivity of about 1,000 umhos/cm, or a total
dissolved solids (TDS) of about 600 mg/l (Hem, 1970, p. 100), than
the underlying groundwater in the shallow and deep zones with a
TDS ranging from about 15,000 to 25,000 mg/l. Therefore, the less
dense groundwater within the 1mpoundments tends to "float" on top
of the underlying brackish groundwater.

14
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The combined effects of the site being in a groundwater discharge
area, the presence of the confining clay, and the high density
contrast between the 1leachate and groundwater results in the
lateral and vertical hydraulic isolation of groundwater flowing
from the impoundments. .

3.6 Groundwater Flow Velocity

The velocity of groundwater flow out of the water table mound
underlying the impoundments is estimated from the equation:

v = Ki/n

where v is roundwater pore velocity, K is the hydraulic
conductivity, 1 is the gradient, and n is the effective porosity.

The maximum hydraulic gradient for the shallow aquifer is on the
order of 10 feet over 1,000 feet, or 0.01 (measured on the water
table contour map of Figure 6). For the sands and gravels,
assuming a K of 3.8 x 10° cm/sec (10 ft/d) and an effective
porosity of 0.1, groundwater velocity would be on the order of 0.33
metersﬁper day (about 1.0 ft/d). For the clays, assuming a K of
2 x 10° cm/sec (0.006 ft/d) and an effective porosity of 0.05,
groundwater velocity would be on the order of 0.03 meters per day
(about 0.1 ft/d) '

3.7 Hydrologic Budget

A hydrologic budget is used to eétimate recharge to the groundwater
through the impoundments by the following general equation:

Recharge = Precipitation - Runoff - Evapotranspiration

This equation is solved on a monthly basis using a modification of
the U.S. Environmental Protection Agency method presented by Fenn
et al. (1975) in which monthly runoff is estimated using the Soil
Conservation Service runoff curve number method (Bureau of
Reclamation, 1978), monthly evapotranspiration (ET) is estimated
using the Thornthwaite method (described in Rosenberg et al.,
1968), and monthly precipitation is obtained from climatic data.

A Lotus 1-2-3 spreadsheet program developed for this equation is
presented in Appendix C.

Input requirements for the hydrologic budget analysis
are:

Soil type (assumed to be similar to a
silt),

Vegetation cover (two cases, 5% and 100%
to represent Dbefore and after the
vegetation project),

Surface area (100 acres),

Monthly precipitation,

Monthly mean temperature, and

Estimated monthly average antecedent
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moisture content for upper one foot of
soil (sludge in this case).

Soil type, vegetation cover, and antecedent moisture content are
used to select the appropriate runoff curve number for each month.

The estimated monthly runoff is then estimated based on the monthly
curve number and the monthly precipitation as a percent of
precipitation.

The results of this analysis provide the following estimated
hydrologic budget for the Carteret impoundments:

Actual ET = 22 inches per year,

Runoff = 9 inches per year, and

Groundwater recharge (i.e., leachate production) =
17 inches per year for the 5% vegetated surface.
11 inches per year for the 100% vegetated surface.

Over the 100 acres of impoundment area, for the pre-vegetation case
with 5% vegetated cover, 17 inches per year of recharge (i.e.,
leachate production), or 17,000 cubic feet per day (cfd), is
predicted. For the post-vegetatlon case with 100% vegetated cover,
11 inches per year of recharge, or 11,000 cfd, .is predicted.

4.0 GROUNDWATER EVALUATION
4.1 Groundwater Quality - Inorganic Constituents

Six sets of quarterly groundwater samples have been collected from
the 10 monitoring wells from July 1987 through January 1989,
although results are available only through the October 1988
quarterly event. Inorganic parameters including total and free
cyanide and some metals are analyzed quarterly. Priority pollutant
organlcs (volatiles, acid extractables, base-neutrals, and
pesticides/PCBs) are analyzed annually. The full set of
analytical data has been submitted to the NJDEP previously.

Inorganic chemical data for each monitoring well are summarized in
Tables 4 through 14. These data are compared to the State's GW/3
roundwater standards (second column 1in each table) for
1llustrative purposes. It should be emphasized that the natural
TDS levels exceed the GW/3 criteria of 500-10,000 mg/1l. Therefore,
the local groundwater is more properly c1a551f1ed as GW/4, for
which numerical standards are set on a case-by-case basis.

The data for the background wells, MW-1S and MW-1D, indicate no
significant contamination migrating towards the background well
location from the 1mpoundments. The potential contaminants from
the impounds, i.e., total cyanlde, sodium, and sulfate, are at low,
near background concentrations. The average total cyanlde in Mw-
1S is below the GW/3 standard and below the detection limit in Mw-
1D samples. Sodium concentrations averaged 2,787 mg/1 in MW-1S and
2,365 mg/1 in MW-1D. Sulfate concentratlons averaged 578 mg/l in
MW-1S and 818 mg/l in MW-1D.

Iron, manganese, and ammonia concentrations are elevated above the

GW/3 standards in the background well. Iron concentrations
averaged 287 mg/l in Mw-1S and 43 mg/l in MW-1D. Manganese
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concentrations averaged 7.2 mg/l in MW-1S and 6.7 mg/1l in MW-1D.

Ammonia was found to average 7.3 mg/l in the shallow well, and 0.8
mg/l in the deeper well. High iron and manganese concentratlons
are expected to occur naturally under the reducing conditions
established in the highly organic shallow aquifer. Hem (1970, p.
124) states that strata containing oxidized iron minerals and
organic debris may provide an environment favorable for reduction
of ferric iron (the insoluble form) to ferrous iron (the soluble
form) and give rise to rather high concentrations of dissolved
iron. This scenario is supported by the considerable effervescence
observed in the groundwater produced during development of MW-1S,

which was probably caused by methane gas evolved by anaeroblc
bacteria living in the highly organic, oxygen deficient environment
of the shallow aquifer.

20



TABLE 4.

Summary of analyses for major inorganic constituents

samples for MwW-1S.

in groundwater

PARAMETER GW/3 DETECTION DATE

STANDARD LIMIT 7/31/87 10/20/87 1/19/88 4/12/88 7/12/88  10/14/88 AVERAGE
ARSENIC 0.05 0.01 0.024 BOL 0.02
BARIUM 1.0 0.656 0.494 0.575
CADMIUM 0.01 0.004 8DL 6oL - 80L
CHLORIDE BACKGROUND 1.0 5830. 5780. 6530. 4400. 4350. 5250. 5357.
CHROMIUM, +6 0.05 0.026 B8OL 8DL 0.005
COPPER 1.0 0.01 BDL 0.019 BDL BDL BOL 8oL BOL
CYANIDE-TOTAL 0.2 0.025 0.348 0.059 0.057 0.103 0.178 0.216 0.2
CYANIDE - FREE 0.05 BOL 8DL BOL 8DL BOL BOL
FLUORIDE 0.1 2.0 2.9 2.45
IRON 0.3 0.15 113. nz. 610. 62.1 101. 120. 287.
LEAD 0.05 0.005 BOL 0.03 8oL BDL 0.0012 BDL BDL

0.005

MANGANESE 0.05 0.005 3.5 1%. 10.9 6.76 5.33 L.74 7.2
MERCURY Q.002 0.0002 B80L BDL 8DL 8DL BOL BDL BDL
NICKEL 0.014 0.015 0.015
NITROGEN-AMMONIA 0.5 0.2 5.4 6.1 9.7 6.80 7.3 8.4 7.28
NITROGEN-NITRATE 0.0 1.0 0.2 BOL INT INT BOL BOL 0.05
pH 5-9 5.89 5.9 5.77 6.46 6.07 6.18 6.04
PHENOLS-TOTAL 3.5 0.05 0.59 1.98 0.44 INT INT 0.88 0.89
SELENIUM 0.01 0.005 80OL BOL 80L
SILVER 0.05 0.023 80L 8oL 80L
SOD 1UM BACKGROUND 0.5 2930. 4180. 3190. 2220. 2160. 2040. 2787.
SULFATE BACKGROUND 5.0 310. 760. 990. . 200. 590. 620. 578.
108 BACKGROUND 10.0 11900. 16600. 13900. 7900. 8800. 9490. 9800.
TOC 1.0 329. 762.5 226. 114. 397. 444.8 379.
T0X 0.5 1.36 1.75 5.52 1.3 0.372 0.975 1.7
ZINC 5.0 0.02 0.036 0.12 0.093 0.06 BDL 0.18 0.082
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED
BOL = BELOW DETECTION LIMIT
INT = INTERFERENCE, INDETERMINANT
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TABLE 5.

Summary of analyses for major inorganic constituents in

groundwater samples for MwW-1D.

PARAMETER

GW/3 DETECTION DATE

STANDARD LINIT 7/31/87 106/20/87 1/19/88 4/12/88 7/12/88 10/14/88 AVERAGE
ARSENIC 0.05 0.01 BDL BDL B8DL
BARITUM 1.0 0.07 0.0940 0.082
CADMIUM 0.01 0.004 BDL BDL 8DL
CHLORIDE BACKGROUND 1.0 9800. 9260. 9400. 9290. 9980. 9930. 9610.
CHROMIUM, +6 0.05 0.026 BOL 80L BDL
COPPER 1.0 0.01 80L 0.014 BDL 80L BDL BDL BDL
CYANIDE-TOTAL 0.2 0.025 BDL BOL BOL 8DL BOL BDL BDL
CYANIDE- FREE 0.05 0.025 BOL BOL BDL BDL BOL
FLUORIDE 0.1 BDL 0.1 0.05
IRON 0.3 0.15 53.4 50.9 48.9 564.7 40.2 8.8 42.9
LEAD 0.05 0.005 8DL 0.0085 BOL BDL 80L 8OL BOL
MANGANESE 0.05 0.005 6.81 7.26 6.76 7.23 6.49 5.78 6.72
MERCURY 0.002 0.0002 8DL BDL BOL 80L 80L BDL BDL
NICKEL 0.014 8oL 8OL
NITROGEN-AMMONIA 0.5 0.2 BDL 1.1 1.2 1.4 0.7 0.82
NITROGEN-NITRATE 10.0 1.0 80L 8OL BDL BOL BDL BOL
pH 5-9 6.6 6.03 6.12 6.36 6.31 6.64 6.34
PHENOLS-TOTAL 3.5 0.05 BDL INT INT INT BOL 8DL
SELENIUM 0.01 0.005 BDL BOL 80L
SILVER 0.05 0.023 BOL BOL 8DL
SO0 1UM BACKGROUND 0.5 2140. 2450. 2300. 2400. 2360. 2540. 2365.
SULFATE  BACKGROUND 5.0 800. 790. 800. 810. 840. 870. 818.
T0S BACKGROUND 10.0 26600. 24900. 19700. 20600. 23700. 23100.
T0C 1.0 22.2 5.4 6.3 3.1 5.4 3.0 8.8
T0X 0.5 2.42 1.79 1.39 3.7 6.33 2.50 3.03
ZINC 5.0 0.02 0.037 0.048 0.037 0.087 BDL 0.068 0.046
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED

BDL
INT

BELOW DETECTION LIMIT
INTERFERENCE, INDETERMINANT
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TABLE 6.

Summary of analyses for major inorganic constituents in

groundwater samples for MW-2S.

PARAMETER GW/3  DETECTION DATE

STANDARD  LIMIT 7/31/87 10720/87  1/19/88  4/12/88  7712/88  10/14/88  AVERAGE
ARSENIC 0.05 0.01 0.04 0.09 0.065
BARIUM 1.0 0.034 0.018 0.026
CADMIUM 0.01 0.004 BOL B8DL BOL
CHLORIDE BACKGROUND 1.0 9460. 9770. 8110. 7890. 9160. 8740. 8855.
CHROMIUM, +6 0.05 0.026 BDL B8DL BDL
COPPER 1.0 0.01 80L 0.012 BOL BDL 8OL 8DL B8OL
CYANIDE-TOTAL 0.2 0.025 17.1 2. 4. 34.3 31.5 25.2
CYANIDE- FREE 0.05 0.034 8DL BOL 0.2 0.058
FLUORIDE 0.1 4. 9.3 6.65
IRON 0.3 0.15 0.64 2.1 A ] 1.9 2.7 5. 2.76
LEAD 0.05 0.005 BDL BDL BOL BOL BDL BOL BOL
MANGANESE 0.05 0.005 0.6 0.35 0.02 0.015 0.11 0.034 0.13
MERCURY 0.002 0.0002 8oL 80L BDL BDL 8oL B80L 8DL
NICKEL 0.014 8DL 80L
NITROGEN-AMMONIA 0.5 0.2 120. 170. 180. 170. 180. 164,
NITROGEN-NITRATE  10.0 1.0 0.2 BDL 8oL BDL DL BOL 80L
pH 5-9 6.9 6.6 7.36 7.7 7.07 7.43 7.18
PHENOLS-TOTAL 3.5 0.05 BOL 1.09 0.354 80L 8pt. . 8DL 0.241
SELENIUM 0.01 0.005 80L BDL 80L
SILVER 0.05 0.023 BOL 8DL 80L
SODIUM BACKGROUND 0.5 5370. 5840. 4690. 4650. 5500. 5360. 5235,
SULFATE BACKGROUND 5.0 28%0. 3780. 12500. 2670. 2580. 3530. 4658.
108 BACKGROUND 10.0 20700. 22900. 18100. 17400. 20200. 19860.
T0C 1.0 29.1 18.3 25. 25. 23.7 46.2 27.5
TOX 0.5 1.77 2.46 7.82 2.88 2.95 3.58
ZINC 5.0 0.02 BDL 0.024 8oL 80L BOL 0.031 0.014
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED
80L = BELOW DETECTION LIMIT
INT = INTERFERENCE, INDETERMINANT
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TABLE 7.

groundwater samples for MW-2D.

Summary of analyses for major inorganic constituents in

PARAMETER GW/3  DETECTION DATE

STANDARD  LIMIT 7/31/87 10/20/87  1/19/88  4/12/88  7/12/88 10/14/88  AVERAGE
ARSENIC 0.05 0.01 BOL 8L BDL
BARIUM 1.0 0.039 0.038 0.038
CADMIUM 0.01 0.004 BOL BOL 80L
CHLORIDE BACKGROUND 1.0 10100. “11000. 10900. 10000. 7470. 6950. 9403.
CHROMIUM, +6 0.05 0.026 B8DL 0L ' BOL
COPPER 1.0 0.01 BDL 0.012 BOL 0.013 BDL BOL BOL
CYANIDE-TOTAL 0.2 0.025 1.16 0.071 80L 3.3 7.6 2.43 2.43
CYANIDE - FREE 0.05 BDL 8OL 0.069 BOL 8DL 8OL
FLUORIDE 0.1 0.7 BDL 0.35
IRON 0.3 0.15 8. 17. 1%. 1.4 80L 1.2 6.9
LEAD 0.05 0.005 8OL 0.018 80L 80L BDL BOL 80L
MANGANESE 0.05 0.005 1.42 1.46 1.04 1.17 1.37 1.79 1.38
MERCURY 0.002 0.0002 BOL BOL BDL BDL 8DL BOL 8DL
NICKEL 0.014 8DL BDL
NITROGEN-AMMONIA 0.5 0.2 5. 2.8 2.8 5.5 51. 30. 16.2
NITROGEN-NITRATE  10.0 1.0 80L 80L BOL B8DL 8DL BDL 8DL
pH 5-9 6.27 6.44 6.59 6.43
PHENOLS-TOTAL 3.5 0.05 0.25 INT INT INT 80L BDL 0.083
SELENIUM 0.01 0.005 BOL 8oL BDL
SILVER 0.05 0.023 BOL 80L 80L
SODIUM BACKGROUND 0.5 4900. 5450. 5280. 5060. 3860. 4750. 4883.
SULFATE BACKGROUND 5.0 1000. 940. 880. 1070. 1530. 1310. 122.
08 BACKGROUND  10.0 21900. 22900. 19420. 18900. 19600. 20544
TOC 1.0 12.6 5.5 6. 8.4 17.5 14.1 10.7
TOX 0.5 1.46 0.695 5.81 0.426 3.45 2.15 2.33
ZINC 5.0 0.02 BDL 0.028 BOL 0.10 BOL 0.037 0.028
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED
BDL = BELOW DETECTION LIMIT

INT = INTERFERENCE, INDETERMINANT
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TABLE 8.

Summary of analyses for major inorganic constituents in
groundwater samples for MW-3S.

PARAMETER GwW/3 DETECTION DATE

STANDARD LIMIT 7/31/87  10/20/87 1/19/88 4/12/88 7/12/88  10/14/88 AVERAGE
ARSENIC 0.05 0.01 BDL BDL BOL
BARITUM 1.0 0.16 0.16 0.16
CADMIUM 0.01 0.004 BDL BDL BOL
CHLORIDE BACKGROUND 1.0 1180. 12000. 12500. 6230. 10300. 11130. 8890.
CHROMIUM, +6 0.05 0.026 BOL BDL BDL
COPPER 1.0 0.01 BOL 0.01 -] BDL 80L BDL BDL
CYANIDE-TOTAL 0.2 0.025 BDL BDL BOL 0.422 0.458 BDL 0.147
CYANIDE - FREE 0.05 BOL BDL BDL BOL BDL 80L
FLUORIDE 0.1 0.1 0.6 0.35
IRON 0.3 0.15 BDL 0.41 0.22 0.59 BDL 0.17 0.23
LEAD 0.05 0.005 BDL 0.017 BDL BDL BDL BDL
MANGANESE 0.05 0.005 0.42 0.073 0.05 0.612 0.32 0.021 0.12
MERCURY 0.002 0.0002 BpL BDL BDL BOL BOL BDL BOL
NICKEL 0.014 BOL 8DL
NITROGEN-AMMONIA 0.5 0.2 16. 36. 42. 21. 27. 30. 28.6
NITROGEN-NITRATE 10.0 1.0 BDL 80L BOL INT BDL 8OL BDL
pH 5-9 6.63 6.20 6.44 6.67 6.48 6.69 6.52
PHENOLS-TOTAL 3.5 0.05 0.505 INT INT INT INT BOL 0.25
SELENIUM 0.01 0.005 8oL BOL 8DL
SILVER 0.05 0.023 BDL BDL 8DL
SODIUM BACKGROUND 0.5 5550. 6120. 6120. 4770. 5020. 5870. 5575.
SULFATE BACKGROUND 5.0 110. 290. 44, 890. 400. 67. 300.
T0S BACKGROUND 10.0 20900. 22200. 20400, 13100. 19000. 21600, 19533.
T0C 1.0 69. 43. 38.3 36.7 52.4 7.4 51.8
TOX 0.5 2.51 0.37 2.33 1.74 4.52 4.4 3.0
ZINC 5.0 0.02 0.025 BDL BDL 8DL BDL BOL BDL
NOTE - CONCENTRATIONS IN MG/L.

BLANK
80L

SPACE = NOT ANALYZED

INT

BELOW DETECTION LIMIT
INTERFERENCE, INDETERMINANT
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TABLE 9.

groundwater samples for MW-3D.

Summary of analyses for major 1norgan1c constituents in

PARAMETER GW/3 DETECTION DATE
STANDARD LINIT 7/31/87 10/20/87 1/19/88 4/12/88 7/12/88  10/14/88 AVERAGE

ARSENIC 0.05 0.01 BDL BDL BOL
BARIUM 1.0 0.093 0.080 0.087
CADMIUM 0.01 0.004 0.0047 80L 8oL
CHLCRIDE BACKGROUND 1.0 7750. 11100. 11300. 12200. 10500. 11960. 10802.
CHROMIUM, +6 0.05 0.026 BDL 8OL BOL
COPPER 1.0 0.01 8DL 0.01 80L BDL 8oL 8DL BOL
CYANIDE-TOTAL 0.2 0.025 0.28 BDL BOL 0.03 BDL 0.788 0.141
CYANIDE - FREE 0.05 BDL BOL 80L BOL BDL BOL
FLUORIDE 0.1 1.2 0.6 0.9
IRON 0.3 0.15 1.4 17. 17.9 33.8 21. 9.5 16.8
LEAD 0.05 0.005 8OL 0.02 BOL 8DL 80L :11] 8 8DL
MANGANESE 0.05 0.005 0.802 0.915 0.765 0.817 0.64 0.96 0.822
MERCURY 0.002 0.0002 BDL 80L 80OL 8OL BOL BOL 8oL
NICKEL 0.014 0.026 0.026
NITROGEN-AMMONIA 0.5 0.2 2.2 4.5 4.9 5.4 5.7 23. 7.62
NITROGEN-NITRATE 10.0 1.0 BDL BDL 8DL INT 8oL 80L BOL
pH 5-9 6.80 6.82 6.48 6.6 6.57 6.67 6.66
PHENOLS-TOTAL 3.5 0.05 BDL INT INT INT .80L BDL BOL
SELENIUM 0.01 0.005 BOL 8DL BDL
SILVER 0.05 0.023 8DL BDL BDL
SOD IUM BACKGROUND 0.5 3550. 5130. 5200. 5180. 5220. 5350. 4938.
SULFATE BACKGROUND 5.0 940. 1090. 1090. 1150. 1160. 1650. 1180.
T0S BACKGROUND 10.0 15100. 24800. 20900. 21900. 23400. 21220.
T0C 1.0 56.9 8.3 12.0 8.6 15.9 32.8 22.4
TOX 0.5 0.505 0.610 2.67 0.95 7.22 5.95 2.98
ZINC 5.0 0.02 0.038 0.025 0.028 BDL 8DL 0.066 0.026
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED

BOL = BELOW DETECTION LIMIT

INT = INTERFERENCE, INDETERMINANT
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TABLE 10. Summary of analyses for major inorganic constituents in
groundwater samples for MwW-4S.

PARAMETER GW/3 DETECT IOM DATE

STANDARD LINIT 7/31/87 10/20/87 1/19/88 4/712/88 7/12/88  10/14/88 AVERAGE
ARSENIC 0.05 0.01 0.033 BDL 0.016
BARIUM 1.0 0.026 0.028 0.027
CADMIUM 0.01 0.004 80L BDL BDL
CHLORIDE BACKGROUND 1.0 16300. 16100. 17100. 15300. 14900. 13050. 15458.
CHROMIUM, +6 0.05 0.026 BDL BOL BOL
COPPER 1.0 0.01 8DL 0.013 BDL BDL 0.027 0.16 0.033
CYANIDE-TOTAL 0.2 0.025 106. 90. 100. 56." 112. 157. 103.5
CYANIDE- FREE 0.05 0.29 BDL 0.17 0.19 BOL 0.13
FLUORIDE 0.1 3.9 5.4 4.65
IRON 0.3 0.15 14. 17. 8.1 8.6 7.4 120. 29.2
LEAD 0.05 0.005 BDL 0.014 80L 8oL BDL 80L " BOL
MANGANE SE 0.05 0.005 BDL 0.011 8DL BDL 8oL 0.012 BDL
MERCURY 0.002 0.0002 8DL 80L 8OL 8DL BDL BOL BDL
NICKEL 0.014 BDL 80L
NITROGEN-AMMONIA 0.5 0.2 400. 510. 410. 380. 400. 380. 410.
NITROGEN-NITRATE 10.0 1.0 80L 8DL B8DL INT BDL BDL BDL
pPH 5-9 8.72 8.87 8.89 8.98 8.6 8.25 8.72
PHENOLS-TOTAL 3.5 0.05 80L BOL INT INT INT 80L BDL
SELENIUM 0.01 0.005 BDL BDL BDL
SILVER 0.05 0.023 BDL 8oL B8DL
SOD 1UM BACKGROUND 0.5 8200. 8710. 9140. 8620. 8190. 7790. 8442.
SULFATE BACKGROUND 5.0 3120. 3290. 3240. 2850. 2650. 4800. 3325.
DS BACKGROUND 10.0 28100. 29800. 27900. 27100. 27000. 27400. 27883.
ToC 1.0 119. 179. 127. 144, 133.9 116.1 136.5
TOX 0.5 1.4 0.49 3.02 2.28 4.9 2.42
ZINC 5.0 0.02 BOL 0.035 BDL 0.023 . BDL 0.051 0.018
NOTE - CONCENTRATIONS 1N MG/L.

BLANK SPACE = NOT ANALYZED
BOL = BELOW DETECTION LIMIT
INT = INTERFERENCE, INDETERMINANT
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TABLE 11.
groundwater samples for MW-4D.

Summary of analyses for major inorganic constituents in

PARAMETER GW/3 DETECTION DATE
STANDARD LIMIT 7/31/87  10/20/87 1/19/88 4/12/88 7/12/88  10/14/88 AVERAGE

ARSENIC 6.05 0.01 BDL 80L 80L
BARIUM 1.0 0.056 0.062 0.059
CADMIUM 0.01 0.004 BDL BDL 8oL
CRLORIDE BACKGROUND 1.0 11600. 11600. 11300. 12200. 12300. 12200. 11867.
CHROMIUM, +6 0.05 0.026 8DL BDL 8oL
COPPER 1.0 0.01 8DL 0.012 8DL 8oL BDL 8ot 80L
CYANIDE - TOTAL 0.2 0.025 0.7 0.18 0.535 0.302 0.363 0.632 0.54
CYANIDE-FREE 0.05 BDL BDL BDL BOL 8DL BOL
FLUORIDE 0.1 0.4 0.5 0.45
IRON 0.3 0.15 29.1 32. 20. 57.8 6.2 23. 28.02
LEAD 0.05 0.005 8DL BDL BDL BDL BOL 8DL BDL
MANGANESE 0.05 0.005 1.47 1.83 1.41 1.46 1.19 1.08 1.6
MERCURY 0.002 0.0002 BOL BDL 80L 8DL 8oL BDL BOL
NICKEL 0.014 BOL 80L
NITROGEN-AMMONIA 0.5 0.2 3.4 5.0 9.0 5.1 6.1 5.3 5.6
NITROGEN-NITRATE 0.0 1.0 BOL BOL BDL INT BDL BOL BOL
pH 5-9 6.40 6.40 6.48 6.57 6.61 6.55 6.50
PHENOLS-TOTAL 3.5 0.05 BDL INT INT INT 8oL 80L 8oL
SELENIUM 0.01 0.005 80L BDL 8OL
SILVER 0.05 0.023 BOL BDL 8oL
SOD1UM BACKGROUND 0.5 4140. 4290. 4410. 8970. 4990. 4730. 5255.
SULFATE BACKGROUND 5.0 1180. 1160. 1090. 970. 1030. 1050. 1080.
108 BACKGROUND 10.0 25100. 26300. 22000. 24100. 25000. 25700. 24700.
TOC 1.0 21.4 12.2 9.3 9.7 14.0 12.1 13.1
TOX 0.5 1.56 0.57 3.2 1.06 9.98 0.85 2.87
ZINC 5.0 0.02 BDL 0.047 0.045 0.020 BDL 0.041 0.026
NOTE - CONCENTRATIONS IN MG/L.

BLANK SPACE = NOT ANALYZED

BDL = BELOW DETECTION LIMIT

INT = INTERFERENCE, INDETERMINANT
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TABLE 12.

groundwater samples for MW-5S.

Summary of analyses for major inorganic constituents in

PARAMETER GW/3 DETECTION DATE
STANDARD LintY 7/31/87  10/20/87 1719/88 4/12/88 7/12/88  10/14/88 AVERAGE

ARSENIC 0.05 0.01 0.016 BOL BDL
BARIUM 1.0 0.287 0.26 0.27
CADMIUM 0.01 0.004 80L BOL BDL
CHLORIDE BACKGROUND 1.0 9790. 14500. 14900. 14500. 14100. 14470. 13710.
CHROMIUM, +6 0.05 0.026 8oL 80L BOL
COPPER 1.0 0.01 BDL 0.012 80L 8DL BDL BOL BOL
CYANIDE-TOTAL 0.2 0.025 4.05 BOL 6.1 6.96 4.76 3.4 4.2
CYANIDE - FREE 0.05 BOL 8OL 0.047 8OL 8DL BDL
FLUORIDE 0.1 0.5 0.3 0.4
IRON 0.3 0.15 0.93 1.4 1.5 1.6 1.1 0.89 1.24
LEAD Q.05 0.005 BDL BDL BOL BOL -] BDL 80L
MANGANESE 0.05 0.005 0.33 0.033 0.025 0.0094 0.014 0.082
MERCURY 0.002 0.0002 BDL BDL BOL BOL 8oL BOL 8oL
NI1CKEL 0.014 BDL BDL
NITROGEN-AMMONIA 0.5 0.2 23. 3. 30. 28. 27. 21. 26.7
NITROGEN-NITRATE 10.0 1.0 80L 8OL BDL INT BOL BOL 8DL
ph 5-9 7.05 6.92 6.75 6.78 6.75 6.73 6.83
PHENOLS-TOTAL 3.5 0.05 0.39 BOL INT INT 80OL 8oL 0.10
SELENIUM 0.01 0.005 BOL BDL BOL
SILVER 0.05 0.023 BDL 8DL 80L
SO0 IUM BACKGROUND 0.5 6400. 7130. 7130. 7350. 7000. 7550. 7093.
SULFATE BACKGROUND 5.0 130. 350. 250. 140. 210. 240. 220.
108 BACKGROUND 10.0 25000. 26300. 23900. 24000. 24400. 25300. 24817,
T0C 1.0 39.4 32. 314 28.9 280.2 37.6 74.9
TOX 0.5 1.22 3.66 6.28 4.06 4.3 4.4 3.9
ZINC 5.0 0.02 80L 0.026 BDL 0.029 BDL 0.036 0.015
NOTE - CONCENTRATIONS IN MG/L.

BLANK = NOT ANALYZED

BDL = BELOW DETECTION LIMIT

INT = INTERFERENCE, INDETERMINANT
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TABLE 13.

Summary of analyses for major inorganic constituents in
groundwater samples for MW-5D.

PARAMETER GW/3 DETECTION DATE

_ STANDARD LinlY 7/31/87  10720/87 1/19/88 4/12/88 7/12/88  10/14/88 AVERAGE
ARSENIC 0.05 0.01% 0.01 8DL 80L
BARIUM 1.0 0.251 0.27 0.26
CADMIUM 0.01 0.004 80L BDL BOL
CHLORIDE BACKGROUND 1.0 12100. 12000. 9120. 7810. 9600. 8400. 9838.
CHROM1UM, +6 0.05 0.026 BDL BDL BOL
COPPER 1.0 0.01 BOL BDL BDL BDL BDL BDL 80L
CYANIDE-TOTAL 0.2 0.025 2.56 4.5 10.6 12.2 25.6 9.45 10.8
CYANIDE - FREE 0.05 BOL BOL BOL BOL BDL BOL
FLUORIDE 0.1 BOL 1.4 0.7
IRON 0.3 0.15 1.1 4.2 2.4 2.7 5. 2.7 3.02
LEAD 0.05 0.005 BDL 0.013 80L 8OL BDL BDL BOL
MANGANESE 0.05 0.005 1.55 1.72 0.606 0.439 0.19 0.27 0.80
MERCURY 0.002 0.0002 8oL BOL BOL BDL 8OL 8DL 80L
NICKEL 0.014 BDL 8OL
NITROGEN-AMMONIA 0.5 0.2 - 5.2 9.0 9.9 6. 10. 8.2 8.05
NITROGEN-NITRATE 10.0 1.0 BDL BOL BOL INT 8DL BOL BDL
pH 5-9 7.15 6.52 7.01 6.62 7.12 7.83 7.04
PHENOLS-TOTAL 3.5 0.05 0.525 INT INT INT 80L 80L 0.18
SELENIUM 0.01 0 .005 80L BOL BOL
SILVER 0.05 0.023 BDL 8DL 80L
SO0 IUM BACKGROUND 0.5 5460. 5690. 5000. 4260. 5210. 5110. 5122.
SULFATE BACKGROUND 5.0 470. 670. 1410. 1580. 430. 670. 8r2.
T0S BACKGROUND 10.0 21000. 23500. 17400. 15800. 17700. 16800. 18700.
ToC 1.0 26. 13.9 25.4 20.8 47.2 55.6 31.5
TOX 0.5 1.1 0.99 2.97 3.62 2.53 1.18 2.06
ZINC 5.0 0.02 80L 0.025 8DL 0.056 BDL BOL 80L
NOTE - CONCENTRATIONS IN MG/L.

BLANK
BDL
INT

SPACE = NOT ANALYZED

BELOW DETECTION LIMIT

INTERFERENCE, INDETERMINANT
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Significant concentrations of total cyanide (free and complexed
cyanide dissolved species) were detected in shallow wells MW-2S,
MW-4S and MW-5S at average values of 25 mg/1, 103 mg/l and 4. 2
mg/l, respectively. Nitrogen-ammonia (ammonla) concentrations in
MW-2S, 4S, and 5S are elevated above background with average values
of 164, 410 26.7 mg/l, respectively. Sodium concentrations are
elevated by a factor of approximately two over the background well
MW-1S average of 2,787 mg/l with averages of 5,235 mg/l in MwW-2S,
8,442 mg/l1 in MW 4SS, and 7,093 mg/l 1in MW-5S. Sulfate
concentrations are elevated by a factor of approximately five to
ten over the background average of 578 mg/l in MW-1S with averages
of 4,658 mg/l in MW-2S, 3,325 mg/l in MW-4S. However, in MW-5S,
the sulfate concentratlon has averaged only 220 mg/l which is only
about one-third the background value.

In contrast to the other wells, shallow well MW-3S samples had an
average total cyanide concentration of only 0.15 mg/l, well below
the GW/3 standard, and an average sulfate concentration one-half
the background value with an average of 300 mg/l. Ammonia averaged
28.6 mg/l, which was above background, but below the averages for
MW-2S and 48S. Sodium levels in MW-3S are elevated above the
background levels in MW-1S, with an average of 5,575 mg/l versus
2,787 mg/l in MW-1S.

All other inorganic constituents in wells MW-2S, 3S, 4S, and 5S
were found to be below the detection 11m1ts or near the
concentrations in the background well.

The high 1levels of ammonia, especially in MW-2S and 4S, are
believed to be the result of the degradation of cyanide, p0551b1y
due to bacterlal processes. This 1nterpretat10n is supported by
a regression of ammonia versus cyanide, shown in Table 14 and
Figure 9, for the average concentrations in all shallow wells.
This regre551on analysis indicates that 98.7% of the variance of
the average ammonia concentration is accounted for by the variance
of the average total cyanide concentration.

In summary, the 1norgan1c data supports the conclusion that MW-1S
is a background well virtually unaffected by the impoundments.

Wells MW-2S, 4S, and 5SS appear to be affected by leachate from the
lmpoundments w1th elevated total cyanide, ammonia, sulfate, and
sodium. MW-3S, initially expected to produce contaminated
groundwate’r, has, in contrast to MW-2S, 4S, and S5S, produced
samples with very low total cyanide, no detectable free cyanide,
relatively low ammonia, and below background levels for sulfate,
although sodium is somewhat elevated.

For the deep monitoring wells, only MW-5D samples were reported to
have significant levels of total cyanide with an average of 10.8
mg/1l. These cyanide levels are similar to those reported for
MW-5S which averaged 4.2 mg/l. It should be recalled that MwW-5D
is screened at a shallower 1interval than the other deep wells and
is screened in the same geologic formation as MW-5S. Thus, MW-5S
and 5D could be expected to produce groundwater samples with more
similar chemical characteristics.

Well MW-4D samples had an average total cyanide concentration of
0.54 mg/l, only slightly above the GS/3 standard of 0.2 mg/1l. No
other inorganic constltuents in deep well samples are significantly
above concentrations in the background well MW-1D.
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TABLE 14. Regression analysis for the average
concentrations of ammonia versus total
cyanide in well samples.

TOTAL

WELL CYANIDE AMMONIA  REGRESSION
(MG/L) (MG/L) LINE
18 0.16 7.28 23.5
3s 0.15 28.70 23.5
55 4.20 26.70 39.0
28 28.70 164.00 132.5
AS 103.50 410.00 418.2

Regression Analysis:

Constant 22.9
Standard Error of Y Estimate 22.4

R Squared 0.987
No. of Observations ' 5
Degrees of Freedom ' 3

X Coefficient(s) 3.819
Standard Error of Coefficient 0.253

Regression Equation: [NH,?] = 3.819 x [CN] + 22.9
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Figure 9. Plot of the regression of average concentrations of
ammonia versus total cyanide concentrations in well
samples.
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In summary, contamination from the impoundments is not migrating
to a significant depth, but is remaining in the shallow zone above
a depth of 50 feet,

4.2 Groundwater Quality - Organic Constituents

Results of organic analyses of the groundwater samples demonstrate
that there 1is no organic contamination migrating from the
impoundments. The results for wells MW-2S, MW-3S, MW-4S, and MW-
55 show no consistently detectable levels' of prlorlty pollutant
volatlles, acid extractables, base/neutral extractables, or
pesticides/PCBs.

Analytical results for MWw-1S, the background well, indicate the
presence of numerous prlorlty pollutant organic compounds
Table 9 summarizes the organic constituents detected in Mw-1S.

American Cyanamid's Carteret impoundments are located in a highly
industrialized area. The Site 1s surrounded by petroleum product
storage tank farms, the Township of Carteret owns a closed sanitary
landfill west of the impoundments, and a private "salvage" yard
has operated for a number of years adjacent to the impoundments on
the west. Cyanamid found the salvage operations had encroached on
to Cyanamid's property in the v1c1n1ty of MW-1 at the time the:
monitoring well locations were 1n1t1ally determined.

Prior to installation of MW-1S and 1D, the salvage material was
removed from Cyanamid's property. ThlS material included an
inoperable truck and semi-trailer, metal pipe, two steel tanks of
approx1mately 20,000-gallon capacity, and mlscellaneous trash.
The organic contamlnatlon found at MW-1S is limited to the shallow
zone and suspected to originate from the adjacent properties.

Low levels of phenol were detected in samples for the July 31, 1987
event from MW-3S and MW-4S at concentrations of 4.92 ug/1l and 22,5
ug/1l, respectively. The origin of these trace levels of phenol is
unknown as phenol was not a constituent of the inorganic process
wastes deposited in the 1mpoundments.

Ethylbenzene and toluene were detected in the MW-5D January 19,
1988 sample at concentrations of 70.4 ug/l1 and 21.4 ug/1,
respectively. The orlgln of these two compounds which were
previously undetected in this well is unknown since neither of
these were constituents of the inorganic process wastes deposited
in the 1mpoundments. These petroleum related compounds may
originate at the adjacent properties.
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TABLE 15. Summary of analyses for organic constituents in
groundwater samples for MW-1S.

PARAMETER DETECTION MW-1S TRIP BLANK
LIMIT 7/31/87 1/19/88 7/31/87

PRIORITY POLLUTANT VOLATILES

BENZENE 4.4 195. 207. 80L
CHLOROBENZENE 6.0 18.2 34, 8DL
CHLOROFORM 1.6 8OL 8.1 8DL
1,1-DICHLORCETHANE 4.7 65.5 127. 80L
1,1-DICHLOROETHYLENE 2.8 19. 3.7 8OL
ETHYLBENZENE 7.2 21.9 29.9 B8OL
METHYLENE CHLORIDE 2.8 BOL 150. 15.5
TOLUENE 6.0 2940. 4340, BDL
1,1,1-TRICHLOROE THANE 3.8 18.4 67.3 BOL
TRICHLOROETHYLENE 1.9 83.5 98.3 80L
VINYL CHLORIDE 10.0 12.3 19.9 80L
CHLOROETHANE 10.0 45.1 36. 80L
1,2-TRANS-D I CHLOROETHYLENE 1.6 72.6 86.7 BDL
PRIORITY POLLUTANT ACID EXTRACTABLE

2-CHLOROPHENOL 3.4 9.72 BOL 80L
2,4-D1CHLOROPHENOL 2.8 3.43 80L BOL
2,4-DIMETHYLPHENOL 2.8 3.77 8oL BOL
PHENOL 1.5 66.8 376. 8DL
PRIORITY POLLUTANT BASE/NEUTRAL EXTRACTABLE

1SOPHORONE 2.2 168. 80L B8DL
NAPHTHALENE 1.6 5.65 80L 8oL
N1 TROBENZENE 1.9 28.8 ' 8DL 8DL
NOTE - ALL CONCENTRATIONS IN UG/L.

BOL = BELOW DETECTION LIMIT
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4.3 Potential Groundwater Receptors

The Brunswick Formation is not known to be used as a source of
groundwater for consumptive purposes in the vicinity of the Site.
The closest water supply well to the 1mpoundments is 4,000 feet
southwest and upgradient of the Site near the intersection of
Roosevelt Avenue and the New Jersey Turnpike. This well,
reported by Disko (1981) to be owned by Gulf Stream Development,
has a reported yield of 100 gpm which is too low to cause a
reversal in groundwater flow at the distance of the impoundments.
Even in areas where the Brunswick is used as a source of water,
the groundwater has been reported to be locally high in sulfate
and hardness due to the presence of evaporite deposits, i.e.
gypsum and salt (Disko, 1982). In the vicinity of the Carteret
impoundments, the high salinity of the groundwater precludes the
use of the Brunswick Formation as a source of groundwater.

Based on the information gathered concerning the groundwater flow
system at the Site, no water supply wells producing from the
Brunswick Formation can draw groundwater that originates in the
impoundments. The survey of groundwater usage conducted by Disko
(1982) indicates that no water supply wells are ¥ocated
downgradient of the impoundments.

5.0 SURFACE WATER EVALATION
5.1 Surface Water System

The Carteret impoundments are in the Rahway River drainage basin,
located from 0.5 and 1.0 miles upstream of the confluence with
the Arthur Kill. The impoundments are bordered on the north and
east by the Rahway, on the west by a small tributary to the
Rahway named Cross Creek, and on the south and east by another
small tributary to the Rahway called Deep Creek (shown in Figure
1) . These surface waters are tidal with average tidal variations
on the order of four feet.

5.2 Surface Water Flow

The flow of the Rahway River has been monitored by the U.S.
Geological Survey at Rahway, New Jersey. For the water years
1922-1984, the average flow of the Rahway was 47.5 cubic feet per
second (U.S. Geologlcal Survey, 1983).

5.3 Surface Water Quality

A theoretical worst-case calculation for free cyanide
concentration in the Rahway River has been performed to assess the
impact of the leachate on surface waters. The following
conditions were utilized in a simple dilution calculation:

1. The highest concentration of free cyanide detected in the
groundwater (0.29 mg/l),
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2.11,000 to 17,000 cfd flow of groundwater into the Rahway
Rlver, and

3.An average flow in the Rahway River of 47.5 cfs.

Based on these worst case values, free cyanide concentrations in
the Rahway should range from 0.8 to 1.2 ug/l (ppb).

To confirm the absence of an impact on the Rahway River, a
comprehen51ve surface water study was conducted in October 1986.
Figure 10 shows the locations of the surface water sampling

oints in the Rahway River upstream and downstream of the
impoundments, in Cross Creek, and in Marsh Creek opposite the
impoundments. The upstream and downstream stations in the Rahway
River consisted of three stations at each location providing
samples one-quarter, one-half, and three-quarters across the
channel. At each station, the sample was collected from a four-
foot interval centered on the mid-depth. In water less than four
feet deep, the sample represented the full column of water. Each
station was sampled twice, at high (except stations 7 and 8 in
the creeks) and low tides. Appendix D presents the laboratory
reports for the surface water analyses for total and free
cyanide.

The results of the river sampling program indicate that both
total and free cyanide were below the detection 1limit of 0.025
mg/1l in all samples for the Rahway River and Marsh Creek opposite
the impoundments. The sample collected in the mouth of Cross
Creek was reported to have 0.032 mg/l of total cyanide and 0.032
mg/l of free cyanide. These results are consistent with the
theoretical calculations presented above.

5.4 Potential Surface Water Receptors

No surface water intakes for drinking water are known downstream
of the impoundments. The Rahway River and its tributaries in the
vicinit of the impoundments are brackish with observed
salinities of 15 parts per thousand.

6.0 FATE OF CYANIDE IN SURFACE WATER AND GROUNDWATER

The fate of cyanide released in leachate leaving the Carteret
impoundments is dominated by three processes: dilution,
volatilization, and biodegradation. These processes operate to
reduce the concentration of both total and free cyanide in water
as it migrates from the impoundments.

Callahan et al. (1979) report that in water with a pH less than 7,
over 99% of the free cyanide will be in the form HCN (hydrogen
cyanide), which is highly volatile. Therefore, the free cyanide
tends to volatilize and decrease the concentration of total
cyanide as the equilibrium between complexed and free cyanide
shifts towards the free cyanlde. EPA (1986) reported a half-life
of between 0.33 and 0.80 days in surface water.
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Figure 10. Locations of surface water sampling stations for the
October 1986 study.

38



Callahan et al. (1979) also regort that biodegradation of cyanide
occurs in all organisms where cyanide concentration is below
toxic 1levels. They report v1rtua11y complete degradation of
cyanide occurs in anaerobic and aerobic sewage treatment. Callahan
et al. (1979) cite experiments which indicate the blodegradatlon
of hydrogen cyanide produces methane and ammonia under reducing
conditions. The high concentrations of ammonia found in the
groundwater samples downgradient of the impoundments and the high
correlation between the ammonia and total cyanide, as discussed
earlier, provides evidence that anaerobic blodegradation in the
subsurface may be an important degradation process.

7.0 HUMAN HEALTH AND ENVIRONMENTAL ASSESSMENT

7.1 Human Health Assessment

Based on the results of the sludge, groundwater, and surface
water analyses, the constituent of concern being released from
the impoundments is cyanlde. Since no surface water or
groundwater sources of drinking water are downgradient or capable
of disturbing the local groundwater flow system or of drawing
water that originates in the impoundments, there are no potential
risks to human health via drinking water.

Since the impoundments are inaccessible to unauthorized persons,
risks to human health via direct contact are negligible.

7.2 Environmental Assessment

The standards promulgated under the New Jersey Pollutant
Discharge Elimination System (NJPDES) establishe a water-quality
criteria of 0.03 mg/l free cyanide for protection of aquatic life
-in salt water (Tltle 7, Chapter 14, section 7:14a, Appendlx F,
Values for Determlnatlon of NJPDES Permlt Toxic Effluent Limits).

The results of the surface water analyses discussed in section
5.3 indicate that the Rahway River adjacent and downstream of the
impoundments achieves the NJPDES standard of 0.03 mg/l free
cyanide.

8.0 CONCLUSIONS AND IMPLICATIONS
8.1 Hydrogeology

Migration of potential contaminants originating in the
impoundments are confined to a limited volume of the shallow
aquifer imediately below the impoundments. The upward flow of
groundwater out of the Brunswick Formation and the density
contrast between the relatively lighter leachate and the denser
natural groundwater combine to create a floating lens of leachate
on the natural groundwater.

The impoundments receive recharge from precipitation which creates
a mounded water table beneath the impoundments. The water table
mound is within the Sludge of the impoundments at a minimum depth
of about five feet in the central part of the impoundments. The
shallow groundwater flows radially outward from the groundwater
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mound and discharges into the surrounding surface water, i.e., the
Rahway River on the north, Cross Creek on the west, and Deep Run
Creek on the south and east.

Deep groundwater within the Brunswick Formation is flowing out of
the Brunswick into the shallow groundwater and also is discharging
to surface water. The groundwater mound within the impoundments
has not created a significant downward vertical flow component
into the Brunswick Formation. Thus, the leachate does not
penetrate vertically into the aguifer more than 50 feet.

This has been substantiated by the lack of significant
contamination in the deeper wells that are screened at
approximately 50 feet below the surface.

8.2 Groundwater Quality

The results of the quarterly groundwater monitoring indicate the
impoundments are contributing contamlnatlon to the shallow
groundwater system, that is, groundwater in the zone overlying the

Brunswick Formation. The contaminants migrating from the
impoundments are total cyanide, ammonia, sulfate, and possibly
sodiun. Due to the shallow vertical extent of migration of

roundwater from the impoundments, the deep monitoring well data
indicate the contamination from the impoundments is contained
within the shallow zone within the upper 50 feet.

8.3 Surface Water Quality

Analyses of surface water samples collected in the Rahway River
both upstream and downstream of the impoundments indicates no
detectable cyanide is present (detection limit of 0.025 mg/l).
The lack of detectable cyanide in the river samples and results of
literature research concerning the fate of cyanide in the aquatic
environment support the conclusion that the 1mpoundments have no
significant impact on the Rahway River.

Results of analyses of surface water samples collected in the
mouth of Cross Creek where it enters the Rahway River (0.032 mg/1
free cyanide) indicate that, although low levels of cyanide are
entering Cross Creek via groundwater discharge, the levels appear
to be at or below the NJPDES surface water quality criteria of
0.03 mg/1l free cyanide. :

8.4 Approprla!e Groundwater Quality Standards

roundwater in the shallow aquifer and in the Brunswick
in the vicinity of the Site is not used for drinking
- fjidering the naturally high salinity and iron content
of the greoiiidwater, it is unlikely that this groundwater would be
used in the foreseeable future. In addition, although the
Brunswick Formation is used as a source of water upgradient of the
Site, there are no existing wells capable of reversing groundwater
gradients to capture groundwater underlying the impoundments.

In consideration of the low risk presented by the impoundments and
the fact that the NJDEP is currently considering substantial
revisions to the State Ground Water Quality Standards, it is
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suggested that the determination' of a groundwater standard
applicable to the Carteret Impoundments be deferred.

8.5 Need for Corrective Action

During 1989, the revegetation of the surface of the Carteret
Impoundments will be completed. During the growing season, the
fully revegetated impoundment surface will substantially reduce
the recharge of groundwater underlying the impoundments due to
the increase of evapotranspiration. The reduction in generation
of leachate will further reduce the any impact presented by the
éngUQQments. No additional corrective actions are required at
is time.

8.6 Future Work

Monitoring at the Carteret Impoundments should be continued to
confirm the conclu51ons of this assessment. However, it is
recommended that the 1norgan1c water quality parameters be reduced
to field pH, total cyanide, ammonia, and sulfate in all wells on
a semiannual basis.
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MONITORING WELL DESCRIPTION
GEOLOGIC LOG
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MONITORING WELL DESCRIPTION
AS BUILT DRAWING
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MOMITORING WELL DESCRIPTION
GEOLOGIC LOG

DPRILLER: TESTWELL CRAIG TEST BORING
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2 - CLAY
4 307 10071"
T — RED-GREY
T Cal= SILTSTONE
_rSO’ —
1 60O

SAND

1]

MW-2%




MONITORING WELL DESCRIFTION
AS BUILT DRAMWING

[
PRILLER: TESTHELL CRAIG TEST BORING
DPATE DRILLED: JUNE 26, 1987

STEEL CaASING .
1_10’ % MITH LOCKIMG CAP %
1 0O
[::::]CDNCRETE
] ‘ X.‘\., ~
- n
N ] BENTONITE
1o T SLURRY
“‘\"\ \\"x
T DN el BENTONITE
RN ——— PELLETS
| 20- N
.\.\ ‘s\'
S o] SAND PACK
1 30
L e 4" ID PUC_|
iR CASING
_,/ ’:/:,.-
a0’ L
—
e Py
RE :ﬂaa,/f::'
s o ) 4" SLOTTED
7] e —— PUC SCREEN
o - 0.02"
1 6o




MONITORING WELL DESCRIPTION
GEOLOGIC LOG

PRILLER: TESTHWELL CRAIG TEST BORING

DATE DRILLED: JULY 28, 1987
LOGGED BY: PAUL FERRE’

DEPTH  BLOW  M-3T STRATIGRAPHIC

COUNT B SECTION
__10° :
1 o
T FILL
| 10 6-13-9-3
A 1-0-1-0 - BLACK
|l 20 1-1-1-1 | ORGANIC
T 1-1-1-1 SRND
|1 30 S-9-14-24
1 10—15—26—34 RED-BROWN

CLAY

| a0 10-17-

24-100/7
| so- — GREY

= | —

1 == SILTSTONE

SAND

Hilf

MU-38




MONITORING WELL DESCRIPTION
AS BUILT DRAWING

PRILLER: TESTHELL CRAIG TEST BORING
DPATE DRILLED: JULY 28, 1987

DEPTH  MW-3T  MM-3S

ETEEL CASING

—rlo' .# WITH LOCKRING caPp %
4+ o
CONCRETE
-t . A "\' k .
RN . -] BENTONITE
1 i0° N “~ SLURRY
-.,"_\ "-.\\
- R 35 BENTONITE
S PELLETS
| 20 N
-.\\'*»~.\ L7~/ SAND PACK
4 O s
| so’ NN
s\. ‘..\,\ X
- N 4" ID PUC
“ﬂgxq CASING
NN
-3¢ :s";}::i‘jq
o
e b
L
50’ — 4" SLOTTED
Ll PUC SCREEN
—+ — 0.0z
—y BN
1 a0’ f"’-'":'




MONITORING WELL DESCRIPTION
GEOLOGIC LOG

DPRILLER: TESTHELL CRAIG TEST BORING

DATE DRILLED: JULY 24, 1987
LOGGED BY¥: JOHN BUCKLEY

DEFTH BLOW  MH-4T STRATIGRAPHIC

COLUNT - SECTICN
__10° '
1 e FILL
€ 0-0—0—0 '
110 o-0-0-0
. - O—~0—0—0 BLHCR
L 20 o-0-0-0 ORGANIC
4 1-0-1-1 SAND
| 30° 2-6-8-12
L 100-2" RED-BROWN
| ao CLAY
1 = | = SILTSTONE
| so’ - | — ‘
| eo-

SAND

I

MH-4%




MONITORING WELL DESCRIPTION
AS BUILT DRAMWING

DPRILLER: TESTWELL CRAIG TEST BORING
DPATE DRILLED: JULY 24, 1987

\

DEPTH MW-4T . MH-45

ETEEL CASING

10" # WITH LOCKING CaP %
1 O
::] CONCRETE
R . . | BENTONITE
S
™
1 U o] BENTONITE
SN PELLETS
——— 2 0’ ., \.“.' )
5 ..\'\ '.\‘
S "\\_'.‘ [ - ::'»::, SAND PacCHK
s\-.“\\
| 3o0- N
\.\\' ‘-.\\
1 U a* ID PUC_
"‘“{x\ <] cAasSING
a0
’ s
e VS
J —
R, '.,//f = )
| so- — "/.4;9 4" SLOTTED
— — ,»/,:j, —— PUC SCREEN
1 L 0.02"
1 60




MOMITORING WELL DESCRIPTION
GEOLOGIC LOG

DPRILLER: TESTHWELL CRAIG TEST BORING

PATE DRILLED: MAY 28, 1987
LOGGED BY¥: JOHN BUCKLEY

DEPTH  BLOW  MM-5T STRATIGRAPHIC
 COUNT A SECTION

10

T oo FILL
1 10 O0—0—0—-0
GREY CLAY
—- 0—-0—-0-0
RED CLAY
1. 20 2-5-8-~-9
16-23-23-25 | RED-BROMWN
T T al= “AND GREY
T 2 era B | = SAND
1T o — GRAVEL
N 1
S50

SAND

MW-2%




MONITORING WELL DESCRIPTION
AS BUILT DRAWING

DRILLER: TESTHWELL CRAIG TEST BORING .
DATE DRILLED: MaAaY 28, 1987

DEPTH HU-5T MU-58

C STEEL CASING

.10 # WITH LOCKING CAP #
4. o l . I
CONCRETE
= - : e, ",
— . \ " :: ‘e:'i o »1
N ~ . ~] BENTONITE S wm
r . S g B
110 NN SLURRY A
., .. 3 X - o -~
— AN o] BENTONITE fff?”ﬁEﬁL
AN PELLETS ]
| — 20 ., \\-.
N Q«;ﬁ" .
ézji [~ SAND PACK
—
e (glglly
|30’ R L"/:f/"/:
:'/j:,t:,/’ 4" I D PU C—
~ s CASING
| a0’ '
e AN
| sor 4" SLOTTED
PUC SCREEN
.—.F 0 R 02 an
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- ‘ STATE OF NEW JERSEY 3
DEPARTMENT OF ENVIRONMENTAL PROTEC.: «ON
DIVISION OF WATER RESOURCES

TRENTON, N.J.

DWR-133 (5/85) -

Mail to

Water Allocation
CN 029
Trenton, N.J. 08625

PERMIT TO DRILL WELL

":/ l/-

-,

Permit -Np.

< - .
e

VALIDONLYAFTERAPPROVALBYTHED.E.P. ’ 5 wsu.sﬁ-é 92

cav iyt

Owner ANE.«“:AM Cypr/AapnD Cs. Driller —T—p-v WARD

TRLsNoELL  CREIG

Address L2 32% 31 - .-'?-z‘-'-i:‘-'f.)‘fi Address £ 30 V\ 977
LINDENM NI T et e 1L~ ST MA{&!»“{,AHD#Q‘ Lpd
Name of Facility =t VOGE (m{avi P L Rc N of Wit A oo tiches|owpmotwar =TS _F
Address 2> &N ERS P LA T i iieinoed impo'.t.vdof Pump =GP, 1'35737037.3'33'.3“.; PVEET
‘ SR ﬁ' CARTE'KET 'Jﬂ' Use of Well (See Reverse) (xo M a 0\ ToR) G
LOCATION OF WELL. . ..o b o it ow oo o

Lot # Block# Municipality County _ Draw sketch showmg dustance and relatmns of well site to

— - CARTERET [MIDQUESER| 7. - pearest publlc roads streets, septic systems, etc.=* -

State Atlas Map No. 26

Ly
//? A
P /,

Nonh

74 © 1t

4 L Br i
CCVpHMJh

5 loufoﬂs-

Z uews

CPER LICETion - .-

Cio wz»s)

(% YV d
SEE REVERSE SIDE for IMPORTANT PROVISIONS AND REGULATIONS pertaining to this permit. APPROVAL

(-

of this permit is made SUBJECT TO scceptance of and campliance with the following ADDITIONAL CONDITlONS .

Pinelands - Well must be drilled over 100’ deep or a clay layer st lesst 4°in thicknw must be oneoumered

D It is necessary that Geophysical Logs of this well be made. Permanent pumping equipment SHALL NOT be
installed until such lou ars mads,

Authorization by rule upg.r,N.J.A.c. 7:14A-1 ot 30q.
Samples of cuttings requirsd every _ feet or change in material.
The results of a volatile organic scan mut be obtained prior to using the water and submitted to

Domaestic Potable Water Supply - The servics lins for wat D'S 'h bﬂc community water supply
systemn shall be turned off at'the curb cock, and the meter shnll be removed by the water purveyor.

Domaestic Inlgatlon Supply - No piping from thg_wcll for which the pcrmlt .pphu shall enter any building,

Industrial/Commercisl Supply - A physical connection permit shall be obuined punuant to the provisions
of N.J.A.C. 7:10-10-1 et seq., and a vigorous cross connections contral program shall be instituted and

Water Resources sWater

. This Space for Approval Stamp

WELL PERMIT APPROV|
Dept. of Environmenta) ProtaEaDnan

Ainsation

MAR1 8 fog7

maintained within the premises,

Heat Pump Walls - Weils mun be 50 feet apart nnd the water must be returned to the same aquiter as the
production well.

00 0D O 'EIEIEI

In compliance with R.S. 58:4A-14, ahplication is made for a permit to drill a well as described above.

Dats

Signature of Owner

COPIES: Witer Allocation — White Haalth Deot. — Yellow Owner ~ Blue

Driller — White



o
- : - ﬁ N -
-~ | R !
) ST RO ST TieAr DY .v'.f“:
w0 A A A I U ERN YT . B
. USEOFWELL:'""™ “'Domesic_ " WeatPump_ U
Deepening o Recharge
. Pleass Specify = - " Replacement Test e e

. lrngatlon ] h lndustrlal B
L. - . . comet - . . - T
TS me s emm o T > Observation - s TE Commercial =~ - o s s e e Y

.._.._.___._....._,-.._.-_-...:_......_.-_,_ Monitoring ... .. PublicSupply . _ e

Exploratlon~~-

Non-Community .

TR Ny || Whemiud2)

1w t0 .«nmx sr- Dewatering Y _ Fire Protection-— = ~—=+=r-—— fommis oo e “ o
ok Recov"v _Decontamination " .+ iy ; e
e DR TR R MG L PRl o TRIT MRt

T

“"‘Appllcatlon must be accompanied by a legal fee of ten. dollar: {$1 0.00) for wells under 70 ga/lans per minutd and
twenty five dollars ($25 00) for over 70 gallons per minuta, *~** -+~

ar apy o oL S B T AT e Vee) ) Ak i "“‘J' Fliedte Az CFA

Make Checks Payab/e to: STATE OF NEW. JE RSEY WELL PERMITS . :_____* e S _"_‘__ ~
o . , SN ) | 1 e, ""lI.L. az3:
— R B . ﬁ]‘bw . 3 _\“ . ""\ . - R X 4:‘.,._.. 0.
In occeptlng thns permlt the Owner and Driller agree to abrde by the followmg terms and condltaons'~~ff~-jj‘—,‘-j' ";;::‘_'jff‘;
R SR . : o u..\ EER R N\ N
1 Thls permit conveys no ﬂghts elther,gxpregsed or implied, to dlvert water. - . s 2V ’
P /‘ L. Y '_- .,'. . Y - T e e .
2, If the pump eapaerty applied for is less than 70 gpm, no subsequent increase to 10 gpm or more shall be made 7
= without pnor approval of the Division ofo Wat‘er Resources. DN 5 ETRR -~
R \\\ 3y /(. .71* ) : e : " e
'3 In the event this well is abandoned the Owner wiil assume full responsubllty for ﬁllrng and sealmg rt m a manner.
: satasfactory to the Dmsion. m accordanoe with provisions of R S 58: 4A-4 1. . Y .
/ ,g; - -AV g ' . ':' , »_‘. . ! . -
o 4. ) Thos permlt‘ _will be valld for one” year fro!m date\of a oval I RS ST : -

: fw / R :
"B, 'lf thrs well is to be used for publlr: noﬁlcommunrty or non-public supply, it must be constructed i accordance
) with provisions of “’Standards for the Constructron of Public Non-Com(numty and Non-Public Water Systems"
. and be approved by the local Board of Health N i N W : S —

. - ] \ . 1
firinG '*-,—‘ afhe _\/ . : L !

- m—— 6 - A well record must be filed with the Water Allocatlon Offlce wnthm 60 davs after the well is completed y "j e e

o meg e,

AN AT o NI

e O

anngiic Authonzatlon by rule may be revoked at any tnme. )

PRI FI IR L
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)
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(Cre foIm Tust o2 &OSianacg It

Name of Permitsee: American Cvanamid Co.

34cn well)

Name of Facility: American Cvanamia Sanitary !

apafill o Larearar

Lecatien:

NJFCES Permit No:

CIFICATION

well Permic Nurser (As assigned by NJT=2's Well
Drilling Perics Seczizn (609 - 984-5311)):

Owner's Well Noter (As shown cn the apzlicatien
or plans):

_Well Completion Dats:
" Distance fzom Tep of Casing (cap off) to gzound
.. surface (one=-hundredzh of a foot):
Total Depth of Well (one—hundredth of a foot):
Depth to Tocp of Screen Fram Top of Casing
(cne~hundredth of a tcot) :
zeen Length (feet):
Screen o Slot Size:
Scseen or Slot Matezial:
Casing Matarial: (PVC, Steel or Ot.*-e:-Specxfy)
Casing Diamecer (Inches): e
Suuc Watar Level Fram Top of Casing at The Time
- . of Installation (cne-hundredth of a fcot):
Yield (Gallcns per Minute): ’
-Length of time Well Pt:‘eo oz BaxIed

Litholegic Leg:
AU .-—-Io.mo"

NJ 0061611

I certify uncer penalty of law that, where applicable, I meet the raguis

2b4- 0738 6-
MW-1T
5-3-87
3"
Sof
k5!
107
020"
Sch 4o PVC
“Sch, LO _PVC
18!
8 +
7 __Hours -  Minutes
ot :

ANSS as

stecified cn the reverse cf this page, that I have perscnally exr.med a.rd am

familiar with the infor-aticn sulbrmaitzed in this docsment and all ate

crmants, ané

that, based on my inquiry of those individuals irmediately resgens: *le for czzain-

ing the information, I believe the subwitted inforom
corplete,

Ken Hamilton

atizn is true, accurate and
. I am aware that there are significanc peral:*es for sutmitting false
inforration, including the possidility of fine andé irzoiscrrent.

Barl LTIPL CE PACANT,

N.J. License #1297

Y
//" 7 bicaaieil

113%8
CIATITICAIION OF LicLNii LuzsLA -
Testwell Craig Test Boring Co., Inc.
CoR T el ocacian Y L2L3W72VE QITIJLM Ca Suid Aeimvacale ALPRLITHTAT

F. Gordon Craig

F . Co

nard C (STP8 08 s

President

SicemiwAl /

12-16~87

il

ohil



MOTTTOIONS A, LT CA s e = T

DAL PO R e (L P R
(Coe ISIm must o= CUoLawac I3 2ach well

Name of Permittes: American Cvanamid Co. <
Name of Facility: Amertican Cvanamig Sanitarv (3ngfiil - Carsarar
lecaticen: -
NJFDES Per:nit.!io: NJ 0081611
C2IIFICATION
well Permic NotZer (As assxgned by NJT==>'s he”
Drilling Perits Sec=zion (609 - 984-3331)): 24 =103 8 7-~
Owner's well Neonber (As shown cn the agslicactien ,
or plans): MW-185
 Well Corpleticn Late: : 7-6-87
Distance fram Tcp of Casing (cap off) to gzourd o
. surface (cne-hundredzh of a foot): 3
Tetal Depth of Well (cne-hundredth of a foot): 50"
Depth to Top of Screen Fram Top of Casing ) ,
(cne~hundredth of a foot): 13"
Screen Length (feet): . 10’
Screen cr Slot Size: ‘ ~ oo™
Scceen or Slot Material: o Qeh. WO PYC -
Casing Material: (PVC, Steel or Other-Specify):: Sch. L0 PYC
Casing Diameter (Inches): "
snuc Wacer Level Frem Top of Cas-ng at The Time . .
- of Installation (cme~hundredth of a foot): 17’
!ield (Ga.llcns per Minute): Q 4
Lengzh of time Well Puged o2 Baxled . ., Bours - Minutes
Litholegic Leg: Aot -
AUZ‘.-‘.'-‘.‘-’!'IG."IG%

I certify uncer penalty of law that, where applicable, I meet the rasguis=ments as
specified cn the reverse of this page, that I have perscnally exarined and am
familiar with the informaticn sulwmitzed in this document and all atzaciments, anc
that, based on my ingquiry of those ind:.vid.nls irmecdiately resgensitle for azzasn-
ing the information, I believe the subritted informaticn is t=ie, accuraze and
coplete, I am aware that there are s.q‘z‘l gsant peral:-es for suomitoang false
inforration, including the possibility ¢ fine anc irpriscoment.

Ken Hamilton W%

Barl (TTIP2L C3 201573, 7 boohATL AL

N.J. License #1297

CIATITISATION OF LICINSL LuralhA

~ $ZAL

Testwell Craig Test Boring Co., Inc. .
CLAT il icaceais BT LALSLILVE CIPTISL) C& Slal Aesmemccls RLPRL3LSTaccve

F. Gordon Cralg 6‘—. _/57&,14,‘_

nard (SIPE SA PRLINS, bionmrodl /
President 12-16-87

104 RS oh:l
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(Cre ISIm musT ©2 CTiacac IST Qach well)

Name of Permittse: American Cvanamid Co.
Nare of Facility: American Cvanamig Sanitaryv Lancsi]l - Ciz-arar
Lecaticn: ' -
NIFDES Permit No: NI 0061611
CTIFICATIN
well Permic Notter (As asszgred bv NJT=2's he.l
Drilling Perics Sectizn (60° - 984-5331)): 2L~1 0 3 88.
Cwner's Well Nunter (As :hcwn,cn the agtlicatien
cr plans): i MwW=-2T
, Well C=mpletion Date: 6-26-87
Distance frzem Top of Casing (cap ©ff) t2 grourd _
.. surface (cne=hundredth of a foot): 3!
Total Depth of Well (cre-hundredth of a foot): 5ol
Depth to Tcp of Screen Fram Top of Casing ) .
(che=hundredth of a foot): 45!
Sczeen Langth (feet): ~ 107
Screen or Slot Size: , o ,0207
Sczeen or Slot Matecial: Sch. L0 PVC.
Casing Matsrial: (PVC, Steel or Ot.'*e:-s;:eczfy) : Sch. 40 PVC
Casing Diameter (Inches): - .4
.sutic Watar Lavel Fram Top of Casing at The Time . .
of Installation (cne~hundredth of a feor): 20' -
Yicld (Gallcns per Minute): 8 +
Lengih of time hel.l m——ec o: Ba:.led ] 1 Heurs - imsnes
I.imologxc Leg: ' Adohes ;

I cer."xfy under penalty of law that, where applicable, I meet the re'.','..-:?:Pr.s as
specified cn the reverse of this page, that I have perscnally examined anc am
familiar with the informaticn submitted in this docament and all atzachments, and
that, based on my inquiry of those individuals immediately respensikle for czaan-
ing the information, I believe the sukritted informaticn is trie, accurate and
carplete. I am aware that there are significanc penalties for suomitiing false

-

inforraticn, including the possibility of fine ancé irgrisorgent.

Ken Hamilton

Bams LTTIPL G OPRLNT,

SISNATLAL

N.J. License #1297

(33¢2
“CIATITICATION OF LICINSL LorBkh )
Testwell Craig Test Boring Co., Inc.
CLRTLT2atial, BY LALIWTLVL QIFFISL) Q& Lol Aelmraalsls RLAMLILNTAZZVE

F. Gordon Craig ' géﬁv@_ C«-’j

BArd (JTPC 33 IRiaS, Tioaroal r

President 12-16-87
T — =T




(¥ aetaat i vNr, b - - - - -t o~ -
Viteta o we o Ad ——t \— - 2w o\ - P ) T . mam- —

(Che ZoIm must 22 STTianac 15T 2ash wesl)

Name Of Permitsee: American Cvanamid Co.

Name of Facility: American Cvanamig Sanirirv Langfi 1 - Cartarar
lecation: L
NJFDES Permit No: NI 0061611
CTIFICATION -
Well Permic Netrer (As asszgned by NJC==2's Well
Drilling Perits Sec=icn (609 ~ 984-3331)): 24-103809 -
Owniec's Well Norser (As shown on the agtlicatien
or plans): 3 MW-2S
Well C=mpleticn Dats: 6-26-87
' Distarce from Tep of Casing (cap cff) to ground )
. surfaces (cne=hundredzh of a foot): 3"
Total Depth of Well (cne-hurdredth of a foot): 50"
Depth to Tcp of Screen Fram Top of Casing ' .
(cne=hundredth of a foot): 13!
Scczeen Length (feet): . 107
Screen oz Slot Size: - .0207
Sczeen or Slot Material: ‘ Sch. 40 _PVC
Casing Matarial; (PVC, Steel or Other-Specify): Sch. Lo _pvc
Casing Diameter (Inches): U }
-Static Watar Lavel Fram Tcp of Casing at The Time 4 .
- - of Installation (one-hudredth of a foot): 18'
Yield (Gallons per Minute): - 8 +
- Length of time Well Puged or Bazled y 1 Hours - Minutes
Litholegic Leg: _ s o] ~
mmc::zcze

I certify under penalty of law that, where applicable, I meet the reguilerents as
'specified cn the reverse of this page, that I have perscnally exarmined and am
familiar with the infocrraticn subrmitzed in this documenc and all attachments, and
that, based en my inquiry of those individuals irmediately respcnsitle for cttain~
ing the inforracion, I believe the subwitzed informaticn is true, accurate and
corplete. I am aware thac there are significanc penalties for summitiing false
fomraticn, including the possibility of fine and iLrprisorgpent. ‘

fon Hant1ton //  —

aAnL (TYIL GR PRINT, ///,/ ///’ $.SdATLAL

N.J. License #1297

STAL

CIATITICATION Q8 LICINSL LL7SLA
Testwell Craig Test Boring Co., Inc.
CIATITIiaTisn 87 (Ra3eiivl GFFITI} Ga Soui A-iataiils REPACILTIATL-G

P. Gordon Craig E;r;fZL:£~;4_ Cl,\4 )
/

nard (JIPL SB 2BUNC. ticnai AL

President 12-16-87
TTT s Y




PC-\4..'IL'-:'J Nt Nt =n 0 a & V@ @ = . wen . o e
(Crie form must o Cmmlazac Lor 2ach welil)

Name of Permitise: American Cvanamid Co.
Name of Facility: American Cyanamid Sanitarv Langfill - Carvarar
Lecations _
NJPDES Permit No: NI 0061611
CoTIFICATION
Well Permic Nurber (As assigned by NJD=2's Well
Drilling Perits Section (609 - $84-6811)): 24 -101390 -
Owner's Well Number (As shown cn the applicactien
or plans): ‘ . MW=3T
Well Corrpletion Date: : T-28-R7
' Distance from Top of Casing (cap off) to grourd .
' surface (one-hundredch of a foot): 3!
Total Depth of Well (cne—hundredth of a foot): a0l
Depth to Top of Screen Fram Top of Casing
(cne=hundredth of a foot): 53!
Screen Length (feet): : 10’
Screen or Slot Size: _ - 029"
Screen or Slot Material: , Sch. kg PUC
Casing Material: (PVC, Steel or Other-Specify):- Sch. ko PYC
Casing Diameter (Inches): U 4
Static Water Level From Top of Casing at The Time R .
of Installation (cne-hundredth of a foot): 20!
Yield (Gallons per Minute): 8 s _
Length of time Well Purped or Bailed ' . Hours - Minuces
Litholegic Log: [y er] :
AUTUENTICATION ;

I certify under penalty of law that, where applicable, I meet the requilerents as
specified cn the reverse of this page, that I have personally examined and am
familiar with the informaticn subrmitted in this document and all attachrents, anc
that, based on my inqQuiry of those individuals immediately respensikle for cttain-
ing the information, I believe the subritted information is true, accurate and
carplete. I am aware that there are significanc penalties for sutmittinc false
inforration, including the possibility of fine and irprisor

Ken Hamilton

BArL (TYPL CX PRINT, 7 / BiSMATVAL

. N.J. License #1297 sTAL
CTATIFICATION OF LICINSL LLrBLR -

Testwell Craig Test Boring Co., Inc.
CIR T casion BY LAL-oiovk GFFICED C& Soal AomoaliLs REPRLSLISAICWL

F. Gordon Craig &’M af"[ )

awrd (TIFE Q8 2811, BicnaluAL /
President 12-16-87
[ §4%3 .. Th:L




MONTNIONL W, (e ol b\ wMaawet ™ S ot A ™ ME™T. aare —m— e as =

(Cre fcrm MUsST S CcOrplavag [CT 2ach weil)

Name of Permittee: American Cyanamid Co.

Nare of Facility:

Ameri1can Cvanamid Sanitarv lanqulL - Larrarar

Location:

NJPDES Permit No: NJ 0061611

CIFICATION

Well Permit Nurher (As assigned by ND°'s \\ell
Drilling Perits Section (609 - 984~-6831)):

Owner's Well Number (As shown on the apglication
cr plans):

, Well Corpleticn Cate: 3
Distance fzom Top of Casing (cap off) to grourd
surface (one=hundredth of a foot):
Total Depth of Well (one~hundredth of a foot):
Depth to Top of Screen Fram Top of Casing
(cne=hurdredth of a foot):
Screen length (feet):
. Screen or Slot Size:
Screen or Slot Material: oo
Casing Matsrial: (PVC, Steel or Othe:-Spocxfy)
Casing Diameter (Inches):
Static Water Level Fram Top of Casing at The Time
of Installation (cne-hundredth of a foot):
Yield (Gallons per Minute):
Length of time Well Pur—ea or Bailed

Litholegic Log:
Am'.‘-".‘_\'!'IG(:IQn‘

21t-10391-

MW~3S
T-28-87
3"
30"
231
10"
.020"
Sch, L0 PVC
Sch, 40 PYC
LM
19!
] .+
7 ch:s - Minuces

I certify uncer penalty of law that, where applicable, I meet the requicements as
specified on the reverse of this page, that I have perscnally examaned and am
familiar with the inforration subrmitted in this document and all attachrants, ard
that, based on my inquiry of those individuals immediately responsible for cbtair-
ing the information, I believe the subritted informaticn is true, accurate and
carplete. I am aware that there are significant penalties for submitting false
information, including the pessibility of fine and irprisongent.

Ken Hamilton

BArL (TYPL CX PRONT,

N.J. License #1297

//’ FAYGH 3

SIA:
CEATITICATION OF LICINSL LLFOLA FA
Testwell Craig Test Boring Co., Inc.

CIRTIFISATICL 87 LaLCLTLVE OFFISLM C& SLl) Auincauiocls ALPRLSLNcAsavi

F. Gordon Craig

#/ﬂuzmé—«\

vl (TIP0 QB PRINI, B o AToAl
President 12-16-87
13 £4% 3 Thsl
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(Cre fOIT must 52 Crpistsc IoT eacn well)

Name of Permittee: American Cyanamid Co.
Name of Facility: American Cvanamid Sanitarv Lanq.‘lll T Tarraror
Locations
NJPOES Permit No: NI 0061611
CPTIFICATION
Well Permut Number (As assigned by NJUE2's hell
Drilling Perits Secticn (609 - 984-6831)): 2 b -_1__0_;_2_2_-__
Owner's Well Number (As shown an the applicacion
or plans): i MW=LT
_Well Corpletion Date: 7-24-87
Distance from Top of Casing (cap off) to grourd
surface (one-hundredth of a foot): 3"
Total Depth of Well (one—hundredth of a foot): r-GIB
Depth to Top of Screen Fram Top of Casing ' -
(cne=hundredth of s foot): 53'
sScreen Langth (feet): . 10
Screen o Slot Size: - 020"
Screen or Slot Material: ‘ Sch, L0 PVC
Casing Material: (PVC, Steel or Of.her-Spec:Lfy) s Sch. LQ PYC
Casing Diameter (Inches): o4
Static Water Lavel Fram Top of Casing at The Time .
of Installation (one-hundredth of a foot): 18' -
Yield (Gallons per Minute): Q4
Length of time Well Purmped or Bailed , Hours - Minutes
Litholoagic Log: | ' e -
AU’I"""-'Z'IG."'ICN

I certify uncer penalty of law that, where appl:.cable, I meet the requilemants as
specified cn the reverse of this page, that I have personally examaned and am
familiar with the infor-aticn subrmatted in this document and all atzachments, and
that, based on my inquiry of those individuals irmediately respensible for ctzasin-
ing the information, I believe the sukritted information i{s true, accurate anc
carplete, I am aware that there are significant peralt:.es for submitting false
inforration, including the possibility of fine anc irprisogrent.

Ken Hamilton //#
RaRL (TXPL CB PRINT, /_/ SISMATLRL
’,/
/
N.J. License #1297 sTAL
CLATITICASIOM OF LICLNSE WurBlA -
—Testwell Craig Test Boring Co., Inc.
CLRATIT iaasiol BY LALZLILVE CIFISL) Ca Sial Aechoaccll RCPALSZ iThmccave

F, Gordon Cralz C?M C;

Bard (TIPE 08 PALNI. bivnaswal
President 12-16-87
1i0aL e Sl
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(Q-e form must c2 m;.er_-c :c.. eacn he..)

Name Of Permittee: American Cvanamid Co.
Name of Facility: American Cvanamig Sanitarv Lapqfjll - Carraror
location: ' B
NJPCES Permit No: NJ 0061611
CTIFICATION '
well Permat Nurser (As assigned by NJU=P’'s Well
Drilling Perits Section (609 - 984-6831)): 24-103973-
Owner's Well Mumber (As shown on the application
ot plans): . MW-Ls
Well Corpletion Date: T7-24-87
' Distance fram Top of Casing (cap off) to ground '
surface (one-hundredth of a foot): 3"
Total Depth of Well (cne-hurdredth of a foot): 25"
Depth to Top of Screen Fram Top of Casing - .
(cne-hundredth of a foot): 18’
Screen Length (feet): | . 107
Screen or Slot Size: - ,020"
Screen cor Slot Material: Sch, 40 PVC
Casing Material: (PVC, Steel or O:her-Specxfy) Sch, 40 PVC
Casing Diameter (Inches): L -
Static Watar Level From Top of Casing at The Time ' e
of Installation (cne-hundredth of a foot): 19'
Yield (Gallons per Minute): R +
Lengzh of time Well Puped oOF Baxled 7 Houts -  Minutes
Litholegic Log: ’ [ yyd ] .

AUﬁﬁDHTC%TION . .

I certify uncer penalty of law that, where applicable, I meet the requiferents as
specified cn the reverse of this page, that I have perscnally exaraned and am
familiar with the inforration subrmitted in this document and all atzachrents, anc
that, based on my inquiry of those individuals irmediately respensible for ctain-
ing the informaticn, I believe the submitted information is true, accurate anc
carpleta., 1 am aware that there are significant peralues for sumitting false
inforration, including the possibility of fine and u-p:*.sc'rr rs.

MArL LTXIPL G2 PR AT, Sa.ht .l‘

AN

N.J. License #1297

SLAL
CIATITICAZION OF LICINSL LirF8LA

Testwell Craig Test Boring Co., Inc.
CIRT T caliS BY La8S.TVE OFFICLA Ca SLil A.lmcaicls RLPRLSLLSTASTVE

F. Gordon Craig

ol LTTIC QB MRINI. S1onaToal
President 12-16-87
tilad L. oL
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Name of Permitiee:
Name of Facility:

(Crie fcoIm must ce Corglateg ST eacnh well)

American Cyanamid Co.

American Cvanamid Sanitary Lang¥lll - Carrarar

Lecation:

NJPDES Permit No: NI 0061611

CERTIFICATION ) :

well Permuit Nurber (As assigned by NJL=2's Well
Drilling Perits Sectizsn (609 - 984-6831)):

Owner's Well Number (As shown on the agglication

cr plans): . MW-5T
_ Well Carpletion Date: 5-28-87
Distance fram Top of Casing (cap off) to ground .
... surface (one=hundredth of a foot): 3'
Total Depth of Well (cne-hundredth of a foot): I
Depth to Top of Screen Fram Top of Casing .
(cne=hundredth of a foot): Lo'
Screen Length (feet): 10°
Screen or Slot Size: , ,020"
Screen or Slot Material: . Seh. L0 PVC
Casing Material: (PVC, Steel or Other-Specify):- Q pyC
Casing Diameter (Inches): §"
Static Water Lavel Fram Top of Casing at The Time .
of Installation (cne~hundredth of a foot): 20'
Yield (Gallons per Minute): A 4
Lengzh of time Well Purped or Bailed 1 gﬁfi = Minuses

Lithologic Lag:

I certify uncer penalty of law that, where applicable, I meet the requilements as
specified cn the reverse of this page, that I have perscnally exaraned and am
familiar with the inforration subratted in this document and all attachrents, and
that, based on my inquiry of those individuals immediately respensitle for ckbtain-
ing the information, I believe the subritted information is tsue, accuraze and
camplete. I am aware that there are significant penalties for subrmitting false
information, including the possibility of fine ané imrprisonprent.

7 / SichATLAL

Ken Hamilton

Azl (TYPL C3 PRIDT,

N.J. License #1297

113%3
T GIATITICATION GF LICINSL wursllr
Testwell Craig Test Boring Co., Inc.
LIRS T 2acic. 8V CALiecivi OFTICEP C& Coot AviAciiiis FIPRLILCIN:
(—— A \
F. Gordon Craig ﬂl‘ﬁ._,(‘," C:/)
naed (TYPE Q8 2RI, “;.‘ﬂ“/
President 12-16-87 !
FE3 . Chel




MONT TG A Mo ‘omem vm ma am im = = el
(Cre for: Tust o2 CTtmlatac {27 each werl)

Name of Permittee: American Cyanamid Co.
Name of Facility: American Cvanamiq Sanitary Lapqfill - Carrarar
lecaticn: - .
NJPDES Permit No: NI 0061611
CPTIFICATION
Well Permut Nurcer (As assigned by NJT=P's Well
Dxilling Perits Section (609 - 984-6831)): 2L4-20395 -
Owner'‘s well Number (As shown on the apglication '
or plans): . MW-58
well Corpletion Date: - - 5-28-87T
" Distance fram Top of Casing (cap off) to grourd
" surface (one-hundredch of a foot): A
Total Depth of Well (cne-hurdredth of a foot): 0"
Depth to Top of Screen Fram Top of Casing "
(cne~-hundredth of a foot): 13!
Screen Length (feet): , 10'
Screen or Slot Size: ' - 020"
Scrzeen or Slot Material: Sch. Lo PVC
Casing Material: (PVC, Steel or Other-Specify): - Seh. Lo pyp
Casing Diameter (Inches): ‘ L
Static Water Level Fram Top of Casing at The Time .
of Installaticn (cne-hundredth of a foot): 19!
Yield (Gallons per Minute): 8 &
Length of time Well Purped or Bailed , Houzs - Minuzes
Litholxgic Log: ) ATLACE ,
AUTENTICATION

I certify uncer penalty of law that, where applicable, I meet the regquiZements as
specified cn the reverse of this page, that I have perscnally examined and am
familiar with the inforraticn subritted in this document and all attachrents, and
that, based on my inquiry of those individuals immediately respensible for cttain-
ing the inforrmation, I believe the submitted information is true, accurate and
carplete, I am aware that there are significant penalties for submitting false
inforraticn, including the pessibility of fine ané irprisoncrent.

Y v —

Ken Hamilton
BASL (TYIPL CR PAIS:, //.’ . / BICNATLAL
N.J. License #1297 Tsman -

CLRTITICATION Q8 LICLNSL LLrBLA

\‘* —

Testwell Craig Test Boring Co., Inec.

wird 1TIPL O& PRING, BICLATOAL

F. GCordon Craig dﬂ-\;ﬂﬂ_ % ,

President. 10-16-87 .
117l . [T




APPENDIX B

EP Toxicity (Metals) and Cyanide Analyses
for Sludge, and Grab Samples
of Leachate, Groundwater, and Surface Water
Conducted in May 1986



RESULTS OF ANALYSIS FOR EP TOXIC METALS

AND  CYANIDE IN SAMPLES COLLECTED ON 16 MAY 1986

BY HYDROSYSTEMS, INC. .

Prepared for

Hydrosystems, Inc.
P.O. Box 348
Dunn Loring, VA 22027

Prepared by
Martin Marietta Environmental Systems
9200 Rumsey Road
Columbia, MD 21045

---24 July 1986



ANALYTICAL REPORT

On 19 May 1986, Martin Marietta Environmental Systems
received 8 agueous samples and 5 sludge samples collected on 16
May 1986 by Hydrosystems, Inc. A list of the samples received
and corresponding laboratory tracking numbers-is shown in Table 1.
Additional sample information can be found on the enclosed chain
of custody forms included as Appendix A.

Samples were analyzed for free cyanide using Method 412 as
specified in "Standard Methods,"™ 16th Edition, 1985, and total
cyanide using Method 335.2 as specified in "Standard Methods
for Chemical Analysis of Water and Wastes," EPA-600/4-79-020,
revised March 1983. The EP Toxicity test was performed on the
sludge samples and the leachates analyzed for metals using
Method 1310 as specified in SW-846 (2nd edition), "Test Methods
for Evaluating Solid waste," USEPA, 1982, Results of analyses
are presented in Tables 2 and 3. Quality control sample data
are contained in Appendix B. Maximum concentrations of metals
for determining the EP Toxicity characteristic are given in
Appendix C.

RP-665 S



Table 1.

List of samples received on 19 May 1986 and
corresponding laboratory tracking numbers

Hydrosystems, Inc.
Sample I.D.

CART-2
CART-4
CART=-5
CART-6
CART-7
CART-8
CART-9
Trip Blank
Sludge-Cl
Sludge-C2
Sludge-C3
Sludge-C4
Sludge-C5

5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/12/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86

Martin Marietta
Environmental Systems
Lab I.D.

3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364




Table 2. Results of EP Toxicity analysis for metals in sludge samples collected on
16 May 1986 by Hydrosystems, Inc.

Reported as total metals fram EP TOX extract Units: ppb (ug/L)
MMES ID 3360 | 3361 336T1a) 3362 | 3363 336:(’.b) 3364 g:ﬁk(c
Client ID a (&) V] (] 4 A S
Sample Date 5/16/86 |5/16/86 |5/16/86 |5/16/86 [5/16/86 |5/16/86 |5/16/86

Analysis

Metal Method Date
Arsenic | 1cp(d)  |6/16/86 < 200 | < 200 | —(€) | < 200 |< 200 J< 200 |< 200 [< 200
Barium | ICP 6/12/86 < 200 | < 200 | — < 200 f< 200 < 200 < 200 < 200
Cadmiwm | ICP 6/16/86 |< 50 | < 50| — | < solc s0 |< so |< so < so
Ghranium| ICP 6/16/86 |< 50 | < 50 | — < 50 [< 50 J< S0 |< 50 |< S50 |
Lead ICP 6/16/86 |< 200 | < 200 [ — < 200 [< 200 |< 200 [< 200 |< 200
Mercury | cv(f) 6/3/86 |<03 | <03 |<03]057 o069 | — <03 |<0a3
Selenium| ICP _ |6/16/86 |< 200 | < 200 | — < 200 J< 200 |< 200 ‘[<7200 |< 200
Silver | ICP 6/16/86 |< 50 | < 50 | — < 50 |< 50 |< S0 |< 50 |< 50

(a) Duplicate aliquot of extract analyzed

(b) Duplicate sample extraction and analysis
(c) Laboratory reagent water analyzed

(d) Inductively coupled plasma spectrametry
(e) sample not analyzed for this parameter
(£) Cold vapor atomic absorption spectroscopy




Table 3. Results of analysis for free and total cyanide in
samples collected on 16 May 1986 by Hydrosystems, Inc.

MMES Hydrosystems Total Cyanid Free Cyanide
Lab ID Sample ID (mg/L) - (mg/L)
3352 CART-2 85 0.33
3353 CART-4 124 2.4
3354 CART-5 105 0.50
3355 CART-6 62 2.3
3356 CART-7 49 0.55
3357 CART-8 2 0.084
3358 CART-9 0.37 0.012
3359 Trip Blank 0.013 0.007
MMES Hydrosystems Total Cyanide Free Cyanide
Lab_ID Sample ID (mg/kg) (mg/kg)
3360 Ccl 683 14

3361 c2 452 18

3362 c3 3660 103

3363 c4 437 . 38

3364 CS : 433- 9

-
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APPENDIX A

CHAIN OF CUSTODY RECORD



. .. . 9200 Rumscy Road
) |MARTIN HARIETTA ENVIRONMENTAL SYSTEMS Columbia, MO 21045-1934
. CHAIN OF CUSTOOY (301)964-9200
() FAX 0(301)964-9200, Ext. 361
% |cltent: YDRo nE M <
Client Address* 2 a e\ Deaclaa~d b'\"&
Falls Church VA 22 043
Contact Pecrson: Lo le K. < Eo PhOﬂc( 7"1’) S73~/6%0
Sampled by: \ ] Date: ol
"l Ly Q. Sika S-16~ %%
) t of o -
Qient sample Location/Test Sarpling | sarples/ | peesecvative
identificacion Paramcters 0 date/time | volume
- £oc + Todta , . :
#o|1335CAT-0 |7 cn= Il o | (poH
3353 CA‘LT 4 “ ! ol (X § e
k335‘{ CH{Z \-S ' \r ) re _
355(|Cpev-6 | o X X Lt
» 535(9 CARY-T ¢ I . <
335 7|cats-% | v y “
: CA'@— \C? X A L t
Teip Mo e S-12-86| e
D :
L v
teleasnd py: date/tine toceived by: cate/tire :
) V4 S S~ (TB 107 |
2ascd by U Tdcezéine received by: dace/time :
( cteceived ta labocatocy by: dace/time method of shiprene:
‘ : lhles—
y . 6@7‘7@/ 5//? /). 30| Lee Ches
A Fm + Toth CN
-6~
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. .. . 9200 Rumscy Road
) MARTIN MARIETTA ENVIRONMENTAL SYSTENMS Columbf{a, HD 21045-193¢
- CHAIN OF CUSTOOY (301)964-9200
() FAX .4({301)964-9200, Ext. 361
Client: YDQ.O
Client Address: vd Q.
( o043
Contact Pecson: Lole 2. Solka phone 3 zv’b! S23/6%0
5 : : ' o ~r
ampled by: Z_7<< 2. S .)t.c.g‘_/G “8/‘-
. t of o
Cienc sample Location/Test Sampling |sarples/ | pcesecvative
identification Paramcters date/time | volure
3300 S\ulatz erP'Tor Metals 9/«6}8@"_3503M ﬁé‘gﬂ:q,
B3¢ %«AAL caf ! Free + VotalQg’ G ¥ 7
@3OQAS(.~M C 2 . e y ‘"
333 | uadae -C t y ot (“
33064 SAM%A\CS 4 X v X
date/time received by: date/tire:
7 P2, ke Sfokhm |
cascd byk te/t coceived by : dace/tume :
( ceceived 1n labocatocy by: dace/ﬁun: method of shipment:
NN/ ST 8 e Y nut L 19 11
ccnnencs EP-T-OX [7\.2 +
) e w0 o
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APPENDIX B

QUALITY CONTROL SAMPLE DATA



Table B-1. QC Summary -- Blanks

|V| METALS |_| NON-METALS || PHYSICAL
MMES ID #_3360-64

Matrix EP TOX Analysis Type EP TOX " Units ppb
Leachate '

Detection Blanks

Parameter Limit (Prep) Method
Arsenic 200 < 200 ICP
Barium 200 < 200 ICP
Cadmium 50 < 50 ICP
Chromium 50 < 50 ICP

Lead 200 < 200 ICP
Mercury ’ 0.3 < 0.3|Cold Vapor
Selenium 200 < 200 ICP
Silver 50 < 50 ICP

e




[}
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Table B-2. QC

Summary -- Duplicate Analysis

One sample
duplicate. The
and interpreted
(CLP) Statement
table). Sample
are listed in t

Analysis Type

per batch received was analyzed as a laboratory
Relative Percent Difference (RPD) was calculated
according to the Contract Laboratory Program
of Work 7/85 (see clarifications below the
(S) and duplicate (D) values and their RPD's
he table below: T

MMES ID # _3360-64

EP TOX Units _ppb

MMES | Detection _

Parameter 1D Limit (DL) Sample Duplicate rep(a)
Arsenic 3363 200 < 200 < 200 Nc (b)
Barium 3363 200 < 200 < 200 NC
Cadmium 3363 50 < 50 < SO NC
Chromium 3363 50 < 50 < 50 NC
Lead 3363 200 < 200 < 200 NC
Mercury 3361 0.3 < 0.3 < 0.3 NC
Selenium 3363 200 < 200 < 200 NC
Silver 3363 50 | < 50 < S0 NC

(a) RpD = [(S-D)/(S+D)/2] X 100

(b) RPD not cal

culated (NC), result < DL

-10-
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Table B-3.

QC Summary -- Spiked Sample Recoveries

One sample per batch was spiked and analyzed for the parameters listed in the

table below.

Spike sample result (SSR), sample result (SR), spike added (SA), and the

percent recovery (%R) are’'also listed in the table below.

MMES Control Spiked Sample Sample Spike
Parameter 1D Limits Result (SSR) Result (SR) | Added (SA) tr(a)
Arsenic 3364 75-1 25% 574 24 500 110
Barium 3364 75-125 552 79 100 95
Cadmium 3364 75-125 72 1 100 7 (b)
Chromium 3364 75-125 162 10 200 76
Lead 3364 75-125 439 24 500 83
Mercury 3364 75-125 50 1.3(c) 50 97
Selenium 3364 75-125 521 53 500 94 .
silver 3364 75-125 85 3 100 82

(a) 9Rr = [(SSR-SR)/SA] X 100

(b) 1ow spike recovery was judged to have no effect on data submitted since no samples contained cadmium.
(c) value represents concentration measured in 35 nL aliguot. Final oconcentration is less than detection

limit,




APPENDIX C

MAXIMUM CONCENTRATION OF CONTAMINANTS

FOR CHARACTERISTIC OF EP TOXICITY



MAXIMUM CONCENTRATION OF CONTAMINANTS

FOR CHARACTERISTIC OF EP TOXICITY*

Maximum
Concentration”

Contaminant . mg/L ppb

Arsenic 5.0 5,000
Barium 100 .0 100,000
Cadmium 1.0 1,000
Chromium 5.0 5,000
Lead 5.0 5,000
Mercury 0.2 200
Selenium 1.0 1,000
Silver . 5.0 5,000

* From SW-846 (2nd Edition), "Test Methods for Evaluating
Solid Waste," USEPA, 1982



APPENDIX C

Hydrologic Budget Analysis



CARTERET IMPOUNDMENTS

WATER BUDGET PRIOR TO REVEGETATION

HRRNNA R AR AR AR AR AN TR NN TR TN TR AR AR NN A TN R R AR A AN A AR RN AT R RN RN RN R AT AN AR RN R RA R AR I A RA A RN RAN AN AN N T AN AN AR NN ARAAANERRNARRARANNA IR SRR ARk bk

PERCOLATION CALCULATION

CONDITIONS: REMEDIATED

................................................................................................................................................

SOIL TYPE = SILT  AVERAGE SOIL THICKNESS (IN) = 12 AREA (ACRES) = 100
COVER: ESTIMATED SOIL POROSITY (%) = 40  AREA (SQFT) = 4356000
GRASS (X) = S MAX SOIL MOISTURE STORAGE (IN) = 4.8
TREES (X) = 0
MONTH NUMBER AVERAGE POT ET SURFACE SURFACE  INFILTRATION INFILT- SOiL CHANGE IN  ACTUAL ET PERCOLATION
OF MONTH PRECIP (IN/MONTH) RUNOFF RUNOFF (IN/MONTH) POT ET MOISTURE  SOIL MOIST (IN/MONTH) (IN/MONTH)
(IN/MONTH) X OF PRECIP (IN/MONTH) CIN/MONTH)  STORAGE STORAGE
JAN 1 2N 0.00 80 2.33 0.58 0.58 4.80 0.00 0.00 0.58
FEB 2 2.95 0.00 80 2.36 0.59 0.59 4.80 0.00 0.00 0.59
MAR 3 3.93 0.03 70 2.75 1.18 1.15 4.80 0.00 0.03 1.15
APR 4 3.44 0.08 70 2.41 1.03 0.95 4.80 0.00 0.08 0.95
MAY 5 3.60 0.14 60 2.16 1.44 1.30 4.80 0.00 0.14 1.30
JUN 6 2.99 0.20 50 1.50 1.50 1.29 4.80 0.00 0.20 1.29
Jut 7 4.03 0.24 30 1.21 2.82 2.58 4.80 0.00 0.24 2.58
AUG 8 4.27 0.23 15 0.64 3.63 3.40 4.80 0.00 0.23 3.40
SEP 9 3.44 0.18 30 1.03 2.41% 2.23 4.80 0.00 0.18 2.23
ocT 10 2.82 0.11 . 50 1.41 1.41 1.30 4.80 0.00 0.11 1.30
NOV 1" 3. 0.05 70 2.53 1.08 1.03 4.80 0.00 0.05 1.03
OEC 12 3.46 0.00 80 2.77 0.69 0.69 4.80 0.00 0.00 0.69
ANNUAL AVERAGE (IN/YR) 41.45 1.26 57 23.09 18.36 0.00 1.26 17.10
ERROR CHECK (% PRECIP) = 0
TOTAL ANNUAL DISCHARGE FROM AREA
DISCHARGE VIA GROUNDWATER (CFY) = 6208718 DISCHARGE VIA SURFACE WATER (CFY) = 8381126 TOTAL DISCHARGE (CFY) = 14589843
DISCHARGE VIA GROUNDWATER (CFD) = 17010 DISCHARGE VIA SURFACE WATER (CFD) = 22962 TOTAL DISCHARGE (CFD) = 39972
DISCHARGE VIA GROUNDWATER (CFS) = 0.197 DISCHARGE VIA SURFACE WATER (CFS) = 0.266 TOTAL DISCHARGE (CFS) = 0.463

LA AR AR A2 Rt e e e R e g e a2 e T e I g e e e AT R R R R R R SR e RS A AR ARt el i ettt htt bl



POTENTIAL EVAPOTRANSPIRATION CALCULATION
WATER BUDGET PRIOR TO REVEGETATION

MONTH NUMBER MONTHLY MONTHLY MONTHLY POT EY POT ET POT ET TOTAL

OF MONTH MEAN TEMP  MEAN TEMP  HEAT INDEX (IN/MONTH) FOR GRASSES FOR FOREST POT ET
(F) ) (IN/JMONTH) (IN/MONTH) (IN/MONTH)
JAN 1 31.4 -0.33 0.00 0.00 0.00 0.00 0.00
FEB 2 32.6 0.33 0.00 0.01 0.00 0.00 0.00
MAR 3 40.6 4.78 0.93 0.50 0.03 0.00 0.03
APR 4 51.7 10.94 3.27 1.57 0.08 0.00 0.08
MAY 5 61.9 16.61 6.16 2.78 0.14 0.00 0.14
JUN 6 7.4 21.89 9.35 4.07 0.20 0.00 0.20
JuL 7 76.4 24.67 11.21 4.79 0.24 0.00 0.24
AUG 8 74.6 23.67 10.52 4.53 0.23 0.00 0.23
SEP 9 67.8 19.89 8.09 3.57 0.18 0.00 0.18
oct 10 57.5 14.17 4.84 2.24 0.1 0.00 0.1
NOV 1 46.2 7.89 1.99 1.00 0.05 0.00 0.05
DEC 12 34.5 1.39 0.00 0.09 0.00 0.00 0.00
SUM OF i = 56.37 25.15 1.26 0.00 1.26




SEASONAL VARIATION OF RUNOFF AS A PERCENT OF P
WATER BUDGET PRIOR TO REVEGETATION

AERARREBAR AN T RN RAR RN N AR RN AR R A RRRRRRRERRRRAR

SCs

MONTH NUMBER ANTECEDENT RUNOFF

OF MONTH MOISTURE % OF PRECIP

CONDITION

JAN 1 111 80
FEB 2 111 80
MAR 3 11 70
APR 4 111 70
MAY 5 11 60
JUN 6 11 50
JuL 7 1 30
AUG 8 1 15
SEP 9 | 30
oCY 10 11 50
NOV 1" 11 70
DEC 12 111 80
ANNUAL AVERAGE - 57
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CARTERET IMPOUNDMENTS
WATER BUDGET AFTER REVEGETATION
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PERCOLATION CALCULATION

CONDITIONS: REMEDIATED

SOIL TYPE = SILT  AVERAGE SOIL THICKNESS (IN) = 12 AREA (ACRES) = 100
COVER: ESTIMATED SOIL POROSITY (X) = 40  AREA (SQFT) = 4356000
GRASS (%) = 100 MAX SOIL MOISTURE STORAGE (IN) = 4.8
TREES (X) = 0
MONTH NUMBER AVERAGE POT ET SURFACE SURFACE  INFILTRATION INFILT- SOIL CHANGE IN  ACTUAL ET PERCOLATION
OF MONTH PRECIP CIN/MONTH) RUNOFF RUNOFF (IN/MONTH) POT ET MOISTURE  SOIL MOIST (IN/MONTH) (IN/MONTH)
(IN/MONTH) % OF PRECIP (IN/MONTH) (IN/JMONTH)  STORAGE STORAGE
JAN 1 2.N 0.00 40 1.16 1.75 1.75 4.80 0.00 0.00 1.75
FEB 2 2.95 0.01 40 1.18 1.77 1.76 4.80 0.00 0.01 1.76
MAR 3 3.93 0.50 35 1.38 2.55 2.05 4.80 0.00 0.50 2.05
APR 4 3.44 1.57 35 1.20 2.24 0.67 4.80 0.00 1.57 0.67
MAY 5 3.60 2.78 12 0.43 3.17 0.38 4.80 0.00 2.78 0.38
JUN 6 2.99 4.07 12 0.36 2.63 -1.44 3.36 -1.64 4.07 0.00
JUL 7 4.03 4.79 10 0.40 3.63 -1.17 3.63 0.27 3.36 0.27
AUG 8 6.27 4.53 5 0.21 4.06 -0.47 4.33 0.69 3.36 0.69
SEP 9 3.64 3.57 10 0.34 3.10 -0.47 4.33 0.00 3.09 0.00
ocT 10 2.82 2.24 12 0.34 2.48 0.25 4.80 0.47 2.24 0.25
NOV " 3.61 1.00 35 1.26 2.35 1.35 4.80 0.00 1.00 1.35
DEC 12 3.46 0.09 40 1.38 2.08 1.98 4.80 0.00 0.09 1.98
ANNUAL AVERAGE (IN/YR) 41.45 25.15 24 9.66 31.79 0.00 22.08 11.15
ERROR CHECK (% PRECIP) = -3
TOTAL ANNUAL DISCHARGE FROM AREA
DISCHARGE VIA GROUNDWATER (CFY) = 4047566 OISCHARGE VIA SURFACE WATER (CFY) = 3506834 TOTAL DISCHARGE (CFY) = 7554400
DISCHARGE VIA GROUNDWATER (CFD) = 11089 DISCHARGE VIA SURFACE WATER (CFD) = 9608 TOTAL DISCHARGE (CFD) = 20697

DISCHARGE VIA GROUNDWATER (CFS) 0.128 DISCHARGE VIA SURFACE WATER (CFS) 0.111 TOTAL DISCHARGE (CFS) = 0.240
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POTENTIAL EVAPOTRANSPIRATION CALCULATION
WATER BUDGET AFTER REVEGETATION

MONTH NUMBER MONTHLY MONTHLY MONTHLY POT ET POT ET POT ET
OF MONTH MEAN TEMP  MEAN TEMP  HEAT INDEX (IN/MONTH) FOR GRASSES FOR FOREST
(F) (C) (IN/MONTH)  (IN/MONTH)
JAN 1 31.4 -0.33 0.00 0.00 0.00 0.00
FEB 2 32.6 0.33 0.00 0.01 0.01 0.00
MAR 3 40.6 4.78 0.93 0.50 0.50 0.00
APR 4 51.7 10.94 3.27 1.57 1.57 0.00
MAY 5 61.9 16.61 6.16 2.78 2.78 0.00
JUN 6 7.4 21.89 9.35 4.07 4.07 0.00
JuL 7 76.4 24.67 11.2% .79 4.79 0.00
AUG 8 74.6 23.67 10.52 4.53 4.53 0.00
SEP 9 67.8 19.89 8.09 3.57 3.57 6.00
ocT 10 57.5 14.17 4.84 2.24 2.24 0.00
NOV 1" 46.2 7.89 1.99 1.00 1.00 0.00
DEC 12 34.5 1.39 0.00 0.09 0.09 0.00
SUM OF i = 56.37 25.15 25.15 0.00

TOTAL
POT ET
(IN/MONTH)




SEASONAL VARIATION OF RUNOFF AS A PERCENT OF P
WATER BUDGET AFTER REVEGETATION
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MONTH NUMBER  ANTECEDENT  RUNOFF
OF MONTH  MOISTURE % OF PRECIP
CONDITION
JAN 1 111 40
FEB 2 11 40
MAR 3 111 35
APR 4 1t 35
MAY 5 11 12
JUN 6 11 12
Jut 7 1 10
AUG 8 1 5
SEP 9 1 10
oct 10 1 12
NOvV 1" It 35
DEC 12 11 40
ANNUAL AVERAGE 2
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APPENDIX D

Cyanide Analyses for Surface Water Samples
Conducted in October 1986



_ RAHWAY RIVER SAMPLING PROGRAM
SUMMARY OF ANALYTICAL RESULTS
FOR TOTAL AND FREE CYANIDE
IN SURFACE WATER
NEAR THE CARTERET IMPOUNDS
COLLECTED BY HYDROSYSTEMS, INC.
OCTOBER 9, 1986

Y

HYDROSYSTEMS * SAMPLLING LOCATION CYANIDE CONCENTRATION
SAMPLE ID DESCRIPTION (IN MG/L)
NUMBER TOTAL FREE

THE FOLLOWING SAMPLES WERE COLLECTED JUST BEFORE HIGH TIDE
RIVER FLOW IS INLAND

H1 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER

174 STREAM WIDTH FROM FAR BANK BDL BOL
H2 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER

MID STREAM BDL BDL
H3 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM NEAR BANK BDL BDL
H4 DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM FAR BANK BDL BDL
H3 DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

MID STREAM BDL BDL
Hé DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM NEAR BANK BDL BDL
H16 DUPLICATE SAMPLE OF NO. Hé BDL BDL
H20 FIELD BLANK ‘ BDL BDL

BDL = BELOW DETECTION LIMIT OF 0.025 MG/L



RAHWAY RIVER SAMPLING PROGRAM
SUMMARY OF ANALYTICAL RESULTS
FOR TOTAL AND FREE CYANIDE
IN SURFACE WATER
NEAR THE CARTERET IMPOUNDS
COLLECTED BY HYDROSYSTEMS, INC.
OCTOBER 9, 1986 -

..
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HYDROSYSTEMS SAMPLING LOCATION CYANIDE CONCENTRATION
SAMPLE ID DESCRIPTION (IN MG/L)
NUMBER TOTAL FREE

THE FOLLOWING SAMPLES WERE COLLECTED JUST BEFORE LOW TIDE
RIVER FLOW IS SEAWARD

L1 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM FAR BANK BDL BDL
L2 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER :

MID STREAM BDL BDL
L12 DUPLICATE SAMPLE OF NO. L2 BDL BDL
L3 UPSTREAM OF IMPOUNDS IN RAHWAY RIVER

174 STREAM WIDTH FROM NEAR BANK BDL BDL
L4 DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM FAR BANK BDL BDL
LS ‘ DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

MID STREAM BDL ~  BDL
LIS DUPLICATE SAMPLE OF NO. LS BDL BDL
Lé DOWNSTREAM OF IMPOUNDS IN RAHWAY RIVER

1/4 STREAM WIDTH FROM NEAR BANK BDL BDL
L7 | UPSTREAM OF IMPOUNDS IN MARSH CREEK

= FAR BANK OF RAHWAY RIVER BDL BDL

L8 UPSTREAM OF IMPOUNDS IN CROSS CREEK

NEAR BANK OF RAHWAY RIVER ' 0.032 0.032
L20 FIELD BLANK BDL BDL

BDL = BELOW DETECTION LIMIT OF 0.025 MG/L



RAHWAY RIVER SAMPLING PROGRAM
SUMMARY OF FIELD DATA ON TOTAL AND SAMPLING DEPTH,
TEMPERATURE, SALINITY, AND SPECIFIC CONDUCTIVITY
IN SURFACE WATER
NEAR THE CARTERET IMPOUNDS
COLLECTED BY HYDROSYSTEMS, INC.
OCTOBER 9, 1986

HYDROSYSTEMS * SAMPLING TOTAL SAMPLING TEMP SALINITY CONDUCTIVITY
SAMPLE ID TIME DEPTH DEPTH (CELSIUS) (o/00) (UMHOS/CM)
NUMBER . (24 HOUR) (FT) (FY)

DAY: OCTOBER 9, 1986

H1 1030 5.5 0.0 20.7 15.0 22,000
2.5 20.5 16.0 23,000
5.5 21.0 16.0 23,200
H2 1055 11.0 0.0 20.0 19.0 26,000
: 5.0 20.0 19.0 26,200
10.0 20.0 19.5 26,300
H3 1110 5.5 0.0 20.5 19.0 26,500
2.5 20.2 19.0 26,900
5.5 20.2 17.5 24,200
H4 1130 7.5 0.0 19.8 20.0 28,000
3.0 19.0 20.0 28,000
7.0 19.0 19.9 27,900
H5 1140 13.5 0.0 20.0 19.9 28,000
6.0 20.0 20.0 28,100
12.0 20.0 20.9 28,200
Hb 1150. 11.5 0.0 20.0  21.S 28,000
5.0 20.0 21.5 28,200
10.0 20.0 21.5 28,200

H16 1200 (FIELD DATA SAME AS SAMPLE NO. H&)

H20 . 1205 (FIELD BLANK)

NOTE: HIGH TIDE MAXIMUM AT APPROXIMATELY 1200 HOURS
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RAHWAY RIVER SAMPLING PROGRAM
SUMMARY OF FIELD DATA ON TOTAL AND SAMPLING DEFTH,
TEMPERATURE, SALINITY, AND SPECIFIC CONDUCTIVITY

IN SURFACE WATER

NEAR THE CARTERET IMPOUNDS

COLLECTED BY HYDROSYSTEMS,
OCTOBER 9, 1986

INC.

HYDROSYSTEMS’ SAMPLING TOTAL SAMPLING TEMP SALINITY CONDUCTIVITY
SAMPLE ID TIME DEPTH DEPTH (CELSIUS) (a/a0) (UMHOS/CM)
NUMBER (24 HOUR) (FT) (FT)
DAY: OCTOBER 9, 1984

L1 1655 6.0 3.0 20.5 17.0 24,500
L2 1645 8.5 4.0 20.0 17.9 25,000
L3 1615 3.5 2.0 19.9 18.5 26,000
L4 1730 3.0 2.0 20.0 19.3 27,500
LS 1720 ?.0 3.0 20.0 19.3 27,300
L1S5 1725 (FIELD DATA SAME AS SAMPLE NO. LS)

Lé 1715 4.0 2.0 19.9 19.5 27,506
L7 1705 3.5 1.5 20.0 18.0 25,200
La 1605 3.5 2.0 19.0 16.9 26,000
L20 1755 (FIELD BLANK)

NOTE: LOW TIDE MINIMUM AT

APPROXIMATELY 1844 HOURS




